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Rapid Drying of Normally Processed 
Black-and-White Motion Picture Film 


By F. DANA MILLER 


The introduction of rapid drying technique for rapidly processed film suggests 
its possible application for the drying of normally processed motion picture 
films. Consideration of the drying process seems to indicate that hot impinged 
air should be the most satisfactory method of commercial practice. Experi- 
ments were made on a laboratory machine in which the film passes between 
two parallel air chambers. Small holes in the sides of the chambers facing 
the film permit hot air to impinge on both sides of the film. Air temperatures 
ranging from 125 F to 210 F and air velocities of 2,000 to 6,000 fpm were used. 
Eastman Fine Grain Release Positive Safety Film was dried in 10 sec on labora- 
tory equipment of this type and Eastman Plus X Panchromatic Negative Safety 
Film was dried in 16 sec. The physical properties of several films dried in 
this equipment were quite similar to the properties of conventionally dried 
films, but this is not true for all types of film. Rapid driers can be extremely 
compact and their power requirements should be no greater than for con- 
ventional driers. 


RECENT YEARS several factors have at the rate of 90 fpm in 30 sec was 
combined to focus new attention on the — perfected, Of this cycle only 5 sec are 
problem of drying motion picture films. used for drying. It must be remembered 
that special high-temperature processing 
is used and its application is limited 
to a few types of films. However, 
barring undesirable effects on the film, 
the drying method might be used for 


The gradual increase in processing 
machine speeds without change in the 
processing or drying times has led to 
longer and longer thread-ups in the wet 
and dry ends of the machines. It was 
the impetus of the television industry 
which led to the first radical change in 
the processing and drying of film. To Motion picture film defects associated 
satisfy television’s requirements a tech- With insufficient or excessive drying are 
nique for processing and drying film tackiness, high positive, curl, buckle, 
ee thermal “‘in-and-out”’ of focus, spokiness, 
Presented on October 8, 1952, at the So- and flute. These defects and their 
ciety’s Convention at Washington, D.C., 
by F. Dana Miller, Manufacturing Experi- 


ments Div., Eastman Kodak Co.. Rochester 
4,N.¥. of driers, it is not particularly difficult 


any or all types of black-and-white film 
processed in the normal manner. 


causes were described by Carver, Talbot 


and Loomis.’ In the conventional type 
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to avoid the drying conditions which 
produce these defects. While it is 
desirable to dry films to the point where 
the moisture remaining in them is the 
same as the moisture which they would 
have when in equilibrium with air at 
70 F and a relative humidity (R.H.) in 
the range from 45% to 60%, a survey of 
actual laboratory practice has shown 
that the difficulties noted previously are 
not encountered when the equilibrium 
moisture content ranges from as low as 
30% R.H. to as high as 60% R.H. The 
usual type of film drier uses air in this 
relative humidity range at temperatures 
below 100 F. This automatically pre- 
vents excessive over-drying. Under- 
drying is avoided by providing a liberal 
factor of safety in the drying time. The 
very nature of the rapid-drying processes 
precludes both of these safeguards to 
maintaining the drying within the 
proper range. 

It was felt desirable not only to de- 
termine if black-and-white film, normally 
processed, could be dried rapidly without 
harmful effects but in what range the 
equilibrium moisture content of the dried 
fum must fall to insure satisfactory 
results. Realizing that the very nature 
of a rapid-drying process would preclude 
the automatic safeguard of over-drying 
which is present in conventional ma- 
chines and that a liberal factor of safety 
on the drying time would partially 
defeat the purpose of rapid drying, it 
was decided that performance data 
should be obtained on a type of drier 
considered the most suitable for opera- 
tion in conjunction with conventional 
processing machines in commercial 
laboratories. ‘This work, therefore, in- 
cludes a_ brief discussion of various 
methods of obtaining rapid drying, 
several of which were investigated 
by Ives and Kunz,’ as well as data on 
drying film under a variety of air 
conditions, 

The term “rapid drying” is used, of 
course, in relation to the usual drying 
times obtained in commercial practice 


on conventional machines which for 
positive films range from 8 to 20 min 
and from 15 to 40 min for negative 
films. However, any method which 
resulted in shortening this time to any 
extent might be called “rapid.” For 
the purposes of this discussion, however, 
we propose to limit it as applying only 
to those methods which reduce the dry- 
ing times to 10% or less of that obtained 
in the best commercial practice. For 
positive films this means a maximum 
drying time of about 1 min and a 
maximum of 15 min for negative films. 


Elementary Drying Principles 

Before discussing the various methods 
of drying, a few of the fundamental 
principles of drying ought to be empha- 
sized. The removal of water from a 
material can be accomplished in two 
ways. If the water is standing as fine 
drops on a surface, it can be mechani- 
cally removed by such means as scraping, 
shaking, centrifuges, or air knives. The 
other method is by evaporation. If the 
material containing the water is hygro- 
scopic, then only the surface water 
can be removed mechanically and the 
remainder must be removed by evapora- 
tion. If the material to be dried 
contains more water than it would if 
it were in equilibrium with the air 
around it, water will be slowly evapo- 
rated from it until equilibrium condi- 
tions are reached. This natural evapo- 
ration is a result of the water-vapor 
pressure in the material being higher 
than the vapor pressure of the water in 
the air. The change is slow because 
only temperature convection currents 
cause air movement near the material 
and therefore the water must diffuse 
through the air. Diagrammatically it 
looks as shown in Fig. 1, in which the 
layer of air above the material is shaded 
to show concentrations of water vapor. 
The air at the surface is saturated and 
the surface of the material is at the wet- 
bulb temperature of the air. This 
saturation drops off with the distance 
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away from the material. If the volume 
of air surrounding the material is large 
with respect to the material, the water 
absorbed by the air will not be an 
appreciable quantity and the relative 


humidity change will be negligible. If 


the air quantity is small, then the ma- 
terial and the air will come to equilib- 
rium at a higher relative humidity. 
The transfer requires a certain amount 
of heat to vaporize the water. With a 
limited amount of air this heat loss can 
be detected in the cooling of the air. 

Here, then, is elementary evaporation. 
It is frequently referred to as constant- 
rate drving. It is typified by evapora- 
tion from a free water surface and is 
practically independent of the material 
being dried. ‘Two ways by which it can 
be accelerated are as follows: one is 
artificially to increase the air circulation 
over the material surface in order to 
decrease the thickness of the air layer 
through which the water must diffuse. 
The air can be blown perpendicular to 
the surface or parallel to it. Either 
method will reduce the depth of the air 
film and therefore increase the rate of 
evaporation. The higher the air velocity 
used the greater the rate of evaporation. 
Figure 2 is a diagram of air flow parallel 
to a sheet of film which illustrates how 
air velocity helps the diffusion of the 
moisture in the air and therefore in- 
creases the rate of evaporation. In the 
range of velocities with which this 
paper is concerned the air flow is pre- 
dominantly turbulent, that is, its average 
velocity is high enough so that it moves 
along with swirls and eddies rather 
than in a streamline manner. 

As the distance from a point in the air 
stream near the film decreases, the drag 
of the film surface slows the turbulent 
air flow, forcing it first into streamline 
flow and finally to zero, The air velocity 
is of no assistance in diffusing the water 
vapor through this quiescent layer of 
air including that which is moving quite 
slowly, it has merely reduced the depth 
of the stagnant layer. The static diffu- 


F. Dana Miller: 


Fig. 1. Evaporation from a free-water 
surface in stillair. The degree of satura- 
tion is indicated by the concentration of 
the dots. . 


Fig. 2. Evaporation from a free-water 
surface in turbulent air flowing parallel 
with surface. The flow lines indicate 
the mixing and dispersion of the mois- 
ture-laden molecules in the turbulent 
Zone A. The stagnant layer is Zone B. 


sion forces must force the vapor through 
the layer but the rate at which it can 
be done is a function of the depth of the 


layer. Raising the air velocity will 
therefore result in higher rates of evapo- 
ration, 

Perpendicular flow of air on the sur- 
face, usually called impinged air, pro- 
duces similar effects. Indications are 
that up to 6500 fpm impinged air will 
be most effective in increasing rates of 
evaporation, but above this point parallel 
air flow will be more effective. 

The second method of increasing the 
rate of evaporation is to increase the 
difference in vapor pressure between the 
water on the surface of the film and the 
Providing the film 
radiation or con- 


moisture in the air. 
receives no heat by 
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duction, the water on the surface of the 
film will be approximately at the wet- 
bulb temperature and its vapor pressure 
will therefore be the same as for saturated 
air at this wet-bulb temperature, while 
the air itself will have a vapor pressure 
corresponding to the dew point tempera- 
ture.‘ This difference in vapor pressure 
is sometimes referred to as the “driving 
force” and is roughly proportional to 
the difference between wet- and dry- 
bulb temperatures. When the drying 
air is heated the vapor-pressure difference 
is increased causing a higher rate of 
evaporation. A higher surface tempera- 
ture with the accompanying increase 
in rate of evaporation can also be obs 
tained by heating the material. 

The foregoing remarks have been 
made with respect to the constant-rate 
phase of the drying of a material. In 
the drying of many materials, and film 
is one of them, the final drying is not 
at a constant rate but at a falling rate. 
This is a result of the rate of moisture 
diffusion through the film to the surface 
being slower than the potential rate of 
evaporation. ‘The same factors, air 
velocity and vapor-pressure difference, 
affect the drying in this stage but their 
action is modified by the diffusion and 


equilibrium moisture characteristics of 


the film. In the rapid drying of film as 
much as two-thirds of the total drying 
time may be in the falling-rate phase. 


As a result the type and thickness of 


both support and emulsion have a large 
effect on the drying time of the film 
under a given set of drying conditions. 

As a brief summary, then, it can be 
said that drying is a heat transfer as 
well as an evaporation or mass transfer 
operation. In the drying of motion 
picture film it is partially done at a 
constant rate of moisture removal and 
partially at a falling rate. In both 
phases the vapor-pressure difference and 
air velocity will aflect the speed of 
drying, but in the latter phase the 
characteristics of the film will also 
allect this speed, 
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Special Requirements for a 
Commercial Rapid Film Drier 

In considering possible methods of 
rapid drying which might be used in the 
design of a commercial film drier there 
are a few special limitations and _ re- 
quirements which do not arise in the 
design of conventional machines which 
should be considered. Recognizing the 
fact that short drying times are fre- 
quently obtained at elevated tempera- 
tures, it was realized that it would be 
extremely difficult to control a film drier 
so that the film did not approach the 
high temperatures to which it was 
subjected. Because the film support 
softens at 240 F, it is considered im- 
portant that the film drier be so de- 
signed that the film is never subjected 
to this temperature while in the dry 
state. Some films are made quite 
brittle if subjected to temperatures 
much lower than this and the tempera- 
ture limit on driers for these films 
should be set accordingly. 

In the case of film breaks or other 
accidental stoppages the heat source in 
the machine must not constitute a fire 
hazard. 

The machine should have some ready 
means of adjusting the drying rate, 
independently of the film speed. 

A satisfactory rapid commercial! film 
drier must be economical and reliable. 
The cost of drying film is not a major 
cost of the processing. However, a 
rapid drier should not require an 
extraordinarily high initial investment 
nor should its cost of operation be 
several times the operational cost of 
conventional driers. It should be con- 
trolled easily and require a minimum of 
attention during operation. 

With these requirements in mind the 
merits of the possible methods can be 
considered, 

The basic differences in methods of 
drying have to do with the method of 
transferring the heat to the material. 
In drying film the three basic heat 
transfer methods can be used, namely, 


4 
, 


conduction, radiation and convection. 
In order to use conduction the film 
must be in contact with a hot surface. 
Film driers have been built in which 
the support side of the film is brought 
in contact with hot, rotating drums 
while dry air is blown over the emulsion 
side. There are serious difficulties in 
obtaining uniform contact on the drums, 
but the principal objection to the system 
is that in order to maintain a reasonably 
small drum for high film speeds the drum 
temperatures must be above the soften- 
ing point of the support. Because the 
drums cannot be cooled quickly, acci- 
dental slowing or stopping of the 
machine will damage the film. Damage 
is also apt to result if the film dries too 
quickly while in contact with the drum. 

Radiation methods of heating the film 
are frequently used. These usually 
take the form of strip heaters or “infra- 
red” lamps. For the rapid drying of 
motion picture film there are serious 
objections to both of these. With any 
type of radiant-heat source the heat 
absorbed is a function of the film 
density. It has been shown that film 
subjected to infrared radiation will 
absorb more energy in the dark areas 
than in the light. Under accelerated 
drying this can lead to differential 
drying and film distortion is apt to 
result, particularly with silver-image 
films. 

The other factor which must be con- 
sidered is that the internal temperature 
of the film is a function of the radiation 
absorbed by it. The evaporation of the 
water from the emulsion will cool the 
surface and make its temperature ap- 
proach the wet-bulb temperature of the 
drying air, but the internal temperature 
of the film will be higher and may be 
above the critical limit of 240 F. This 
can be prevented, of course, by limiting 
the radiation to the value which the 
film will stand with the air conditions 
which are to be used while operating 
at the chosen film speed. ‘These condi- 
tions could be determined experimen- 


F. Dana Miller: 


tally for each film, but if the film speed 
accidentally decreased or the air tem- 
perature rose, the film would be 
damaged. 

Briefly, then, the principal objections 
to the use of infrared heat sources for 
motion picture film rapid driers are 
that careful control of film speed and 
drying air conditions are required to 
avoid damage either by overheating or 
differential drying. 

Internal heating can also be obtained 
by high-frequency currents. This is 
dielectric heating and is quite similar to 
other forms of radiant heating. This 
system can be self-regulating if properly 
installed. The energy absorbed by the 
film will be roughly proportional to the 
water content, if the correct wavelengths 
are used. In order to do this it would 
be necessary to use multiple stages of 
different wavelengths. In addition, air 
circulation is required to carry off the 
moisture. With this type of equipment 
very rapid drying can be obtained. 
However, because of the cost of the 
equipment for such an installation its 
use can probably not be justified except 
under very special circumstances. 

Convection, which is the third general 
method of heat transfer, seems to be the 
most suitable for this application. It 
has been shown that evaporating the 
moisture rapidly requires high-velocity 
air with its water-vapor pressure con- 
siderably lower than the water-vapor 
pressure at the film surface. This can, 
of course, be done by dehumidifying the 
air, but it can also be done by heating 
it, which is usually less expensive. 
Heating the air, then, serves the dual 
purpose of increasing the drying po- 
tential and supplying the heat required 
to balance she evaporation. The equip- 
ment required is simple and lends itself 
to inexpensive, automatic control. Fur- 
thermore, measurements of the wet- 
and dry-bulb temperatures will de- 
termine the actual emulsion tempera- 
tures during the constant-rate phase of 
drying and the maximum __ possible 
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; Supply air at 70 F 


Press. diff., 
% R.H psi 
1 20 0.107 
2 90 0.011 
Increase in dry- 
ing time, % 87 


temperature in the falling-rate phase. 
The emulsion temperature during the 
first phase is of importance in the drying 
of the few films which are rendered 
brittle at relatively low temperatures. 
In the latter phase, the maximum 
possible temperature is important in 
drying any film, so that the softening 
point of the support may be avoided. 
With the other methods of transferring 
heat to the film, these temperatures are 
frequently difficult to measure and it is 
therefore difficult to determine when 
they are operating within safe limits. 

Another advantage of using convection 
drying with high-temperature air is 
that fluctuations in the humidity of the 
supply air have little effect on the 
performance of the drier. This is 
illustrated in ‘Table I, in which the 
vapor-pressure difference of 70 F inlet 
air at two different humidities is shown 
when heated to 125, 150 and 200 F. 
If all other conditions are maintained 
constant, the drying time will be in- 
versely proportional to the  vapor- 
pressure difference. Line 3 shows how 
much the drying time would be in- 
creased at the various operating tem- 
peratures if the supply air humidity rises 
from 20% to 90°). Smaller humidity 
changes, which are more apt to occur, 
will have proportionally smaller effects 
on the drying time. The higher the 
temperature which is used the smaller 
the effect of humidity changes will be, 
and this is another incentive to use the 
highest temperature possible consistent 
with safe operation, 

It was consideration of these factors 
which lead to the decision that a drier 


Table I. Effect of Supply Air Humidity on Drying Time at Elevated Temperatures 


Pressure differences of heated supply air, psi 


125 F 150 F 200 F 
0.290 0. 387 0.583 
0 223 0.322 0.536 


30 20 9 


using hot impinged air would generally 
be the most satisfactory for rapidly 
drying motion picture film. No doubt 
special situations will arise in which 
other methods will be indicated. One 
of the objects of this investigation, 
however, was to investigate the method 
which seemed to have the widest possible 
application in the industry. 

Figure 3 illustrates the equipment 
used. The film is fed from the supply 
reel through an air squeegee, over the 
holdback sprocket, between the air 
plenum chambers, and on to the take- 
up. The drying air is supplied by a 
turbine-type blower capable of supply- 
ing 85 cfm at 6-in. water pressure. 
Two 1300-w electric heaters in the 
discharge duct from the blower heat the 
air before it enters the plenum chambers, 
The plenums are 3} ft long with 0.080 
in. diameter holes facing the film. ‘There 
are 128 holes impinging air on the sup- 
port side of the film and 256 holes 
impinging air on the emulsion side of 
the film. 

The drive is by means of a d-c motor 
controlled by a rheostat, through a gear 
reducer to the holdback sprocket. The 
take-up reel is driven by a friction belt 
take-off from the gear reducer. A 
rheostat on the blower. as well as 
orifices in the inlet, is used to control 
the air volume and therefore the velocity 
of impingement. The temperature of 
the air is regulated by varying the 
number of heaters used. The air from 
the plenum chambers, after impinging 
on the film, is discharged from the 
cabinet through the entrance and exit 
slots for the film. The plenum chambers 
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Fig. 3. Experimental Impingement Drier for 35mm Film. 
The upper righthand corner is an enlargement of a section of the drying chamber. 


are 1 in. apart and guide bars are used 


to insure that the film is maintained 
midway between them. 

Figure 4 is a sketch of the squeegee. 
This is a Capstaff® type of squeegee in 
which the lower rollers form a highly 
efficient air knife. 


F. Dana Miller: 


The experiments were made with film 
which had been previously processed 
and dried. This rewetted by 
winding through 70 F water three times 
in a 20-min period. In the interval 
between windings the roll of film was 
submerged in water. Comparison of 


was 
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Fig. 4. Squeegee. 


the drying of film rewetted in this 
manner with film which was dried on 
the equipment immediately after proc- 
essing showed that there was no 
measurable difference in the required 
drying times. It is extremely fortunate 
that this was the case because the 
complication of having to process the 
film as it was being used would have 
made an extensive survey impractical. 

In making an experiment the air 
temperature and pressure were adjusted 
and the machine allowed to run until 
it had reached constant conditions. 
Film was then attached to the leader, 
threaded through the machine — the 
supply roll still being submerged in 
the tank of water — and the machine 
drive started. It was allowed to run 
at the chosen film speed until steady 
conditions prevailed. Samples of the 
dry film were cut from the film as it 
emerged from the end of the dry cabinet 
and placed in stoppered bottles. Wet 
film samples were then cut from the 
film just beyond the holdback sprocket 
after it had emerged from the squeegee 
and before it entered the drying cabinet. 
The moisture content of the film was 
determined by accurately weighing the 
samples in the bottles before and after 
being subjected to an evacuation pro- 
cedure. The difference between these 


two readings accurately determined the 
moisture loss of the film passing through 
the drier. For each set of air conditions 
investigated, the effect of drying time 
was explored by making experiments 
at a series of film speeds, thereby ob- 
taining different drying times. 

In Fig. 5 is shown the performance of 
the machine on Eastman Fine Grain 
Release Positive Safety Film Type 5302. 
In this plot the ordinate is the moisture 
content of the film and the abscissa is 
the drying time. The impingement 
velocities used were 2,000 and 4,000 
fpm and at each of these, temperatures 
of 125, 150 and 200 F were used. The 
dry point, indicated as a horizontal line 
on the graph at the 2.597 moisture line, 
was arbitrarily chosen and is the point 
at which the film has the same moisture 
content as it would have if it were in 
equilibrium with air at 70 F and 50% 
R.H. ‘To illustrate the margin of 
safety, the 60% and 30°7 R.H. levels 
are also indicated. Under the most 
severe drying conditions used it can be 
seen that required drying times of 10 
sec were obtained and the longest 
required drying time was somewhat 
more than 42 sec at 125 F and 2,000 
fpm air velocity. The moisture ab- 
sorption characteristics of emulsion vary 
to a considerable extent. ‘This emulsion 
is quite hard and as a result the film 
absorbs only about 15 to 199% moisture. 
The performance of the drier on films 
of relatively high moisture capacity is 
shown in Fig. 6. This is Eastman Plus 
X Panchromatic Negative Safety Film, 
Type 5231, which absorbs approximately 
35% moisture. With this film the 
minimum required drying time was 16 
sec and the maximum was more than 
1 min. 


General Curve Shape 


Interpreting these curves in terms of 
the classical constant- and falling-rate 
phase of drying, it might be said that 
the early part of the drying approxi- 
mates the constant-rate phase, then 


92 February 1953 Journal of the SMPTE Vol. 60 


\ 
A 
AIR 
SUPPLY 
N 
N 
A 


% 


% 


| 


@ 


| 


MOISTURE CONTENT 


o8 


WN 


ay) 


ALL ZL. 


7 
- 


LhILLL 


EQUIVALENT RELATIVE HUMIDITY 


10 20 


DRYING TI 


Fig. 5. Impingement Drying of Eastman 
Fine Grain Release Positive Safety Film, 
Type 5302. 

For satisfactory properties, final moisture 
should fall in shaded area. Required 
drying time is determined by intersection 
of curves with dotted line at 50% R.H. 


the curve shape reverses, indicating a 
transition, and the final part of the 
curves are in the falling-rate phase. 
Calculation of these data has shown 
that the first part of the drying cycle is 
not actually at constant rate. This is 
not surprising because drying of the 
support is limited by the rate of diffusion 
of water through the support, which is 
a falling-rate type of drying. At the 
same time, the emulsion is probably 
being dried at almost constant rate. 
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Because the amount of water being 
evaporated from the emulsion during 
this phase is so much greater than that 
evaporated from the support, the combi- 
nation of the two approximates con- 
stant-rate drying. As the drying of the 
emulsion progresses, the rate at which 
water can migrate to the surface of 
evaporation becomes less than the rate 
at which it can be evaporated and the 
drying of the emulsion as well as the 
support is done at a falling rate. 
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Fig. 6. Impingement Drying of Eastman 
Plus X Panchromatic Negative Safety 
Film, Type 5231. 

For satisfactory properties, final moisture 
should fall in shaded area. Required 
drying time is determined by intersection 
of curves with dotted line at 50% R.H. 


It is not the purpose of this paper to 
make a detailed mathematical analysis 
of the drier performance. However, a 
few general conclusions do seem to be 
warranted and may be he!pful to others 
who may wish to construct this type of 
equipment. 


Effect of Temperature on Drying 
Time 

With any constant velocity of drying 
air up to 6,000 fpm, raising the air 


94 February 1953 Journal of the SMPTE Vol. 60 


DRYING TIME -SECONDS 


Curve Air Temp., °F Air Velocity, fpm 
1 125 2,000 
125 4,000 
3 150 2,000 
4 150 4,000 
5 200 2,000 
6 


temperature from 125 to 150 F will 
reduce the required drying time about 
50%. By raising the temperature from 
150 to 200 F, the reduction in required 
drying time will be between 30% and 
50%. These data are derived not 
only from that shown in Figs. 5 and 6, 
but also from experiments on a variety 
of other types of films. It was noted, 
and the two examples given are typical, 
that for nearly all positive films the 
reduction in required drying time by 
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Fig. 7. Effect of Air Velocity on the Drying of Eastman Super XX Panchromatic 
Negative Safety Film, Type 5232, at 125 F Air Temperature. 
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increasing the temperature from 125 
to 150 F was about the same as the 
reduction obtained by increasing the 
temperature from 150 to 200 F, whereas 
with negative films, increasing the tem- 
perature in the latter range usualiy 
resulted in less than a 50% reduction in 
required drying time. 


Effect of Air Velocity 


At low air temperatures increasing the 
air velocity from 2,000 to 4,000 fpm has 


Aur Velocity, fppm 
2,000 
4,000 
6,000 


a negligible effect on the required drying 
time. This was true for both positive 
and negative type films. At 150 or 
200 F the same change in air velocity 
resulted in decreasing the required 
drying time from 16% to 45%, with the 
greater reduction being at the higher 


temperature. 

‘These remarks should not be con- 
strued as meaning that there is a simple 
relationship between increase in air 
velocity and decrease in required drying 
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Fig. 8. Effect of Air Velocity on the Drying of Eastman Super XX Panchromatic 
Negative Safety Film, Type 5232, at 150 F Air Temperature. 
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time. This is definitely not the case. 
It was found that with any particular 
air temperature there is a maximum air 
velocity beyond which the decrease in 
required drying time is negligible. 
Eastman Super XX Panchromatic Nega- 
tive Safety Film, Type 5232, was dried 
at 125 F with 2,000-, 4,000- and 6,000- 
fpm air velocities. ‘These same velocities 
were used with 150 F air and 200 F air. 
The results are shown in Figs. 7, 8 and 
9, respectively. The actual dry point 
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Air Velocity, 
2,000 
4,000 
6,000 


of this film is 3.19%, but since not all 
the experiments were carried to this 
point comparison at the 4% level 
corresponding to 60°) R.H. will suffice. 
At 125 F there is a reduction of 35% 
to 40% in the required drying time by 
increasing the air velocity from 2,000 
to 4,000 fpm, but when the velocity is 
raised to 6,000 fpm no measurable 
difference in required drying time is 
found. This is also true with air 
temperatures of 150 F as shown in 
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Fig. 8 No doubt there was actually 
some improvement in drying when the 
air velocity was increased from 4,000 
to 6,000 fpm, but it was so slight that 
it could not be detected in these experi- 
ments. Figure 9, however, shows that 
at 200 F increasing the air velocity 
through this range reduces the required 
drying time from 17 sec to 14} seconds 
or about 15%. Apparently, at this 
temperature, somewhat faster drying 
time could be obtained at velocities in 
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Fig. 9. Effect of Air Velocity on the Drying of Eastman Super XX Panchromatic 
Negative Safety Film, Type 5232, at 200 F Air Temperature. 
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Air Velocity, fpn 
2.000 
4,000 
6,000 


excess of 6,000 tpm but the experiments 
indicate that at some point, probably 
about 8,000 fpm, practical minimum 
required drying time would be attained. 

Figures 5, 6, 7, 8 and 9 show tha: 
the velocity at which the required drying 
time reaches a minimum is a function 
of the drying air temperature. It is 
also believed to be dependent on the 
particular arrangement of the machine. 
The size, number, and spacing of the 
air jets as well as the passage of the air 
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over the film to the exhaust must affect 
this value as well. 


Effect of Squeegeeing on Drying Times 

The majority of this work was done 
with the squeegee adjusted to a constant 
pressure of 3 psi. This pressure was 
selected after a series of experiments 
showed that this was the minimum pres- 
sure which would insure that all the 
surface-water drops would be removed 
at the film speeds used. 

Under these conditions the drying 
effect of the squeegee varied with the 
film speed; therefore, the moisture 
content of the film entering the cabinet 
was a function of the film speed and was 
different for each point on a drying 
curve. In the case of Fine Grain Re- 
lease Positive, the initial moisture con- 
tent of the film dropped as much as 
3.5% moisture as the film speed was 
decreased from the maximum to the 
minimum drying during the determi- 
nations of the points on a drying curve. 
The same amount of change in the 
initial moisture occurred in determining 
drying curves of negative films absorbing 
as much as 45% moisture. 

The required drying times found in 
Figs. 5 through 9 were obtained at lower 
film speeds and therefore at the lower 
moisture content of the entering film. 
It would be expected that the required 
drying times would be greater if the 
initial film moisture was higher, In- 
vestigation of this point showed that 
the maximum difference in the required 
drying times was of the order of 10% 
and this was found only with films 
absorbing less than 20% moisture, such 
as Fine Grain Release Positive. Drying 
curves at constant initial moisture were 
obtained on Super XX Panchromatic 
Negative Film, which absorbs 40% 
moisture, but comparison of these 
results with those in which the initial 
moisture varied showed no difference in 
required drying time. 

If the performance data of this equip- 
ment are used as the basis of design for 
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commercial equipment, it should be 
assumed that the commercial squeegee 
would be adjusted for a minimum of 
drying and therefore the required drying 
times given for Fine Grain Release 
Positive should be increased by 10%. 
The required drying times of the other 
films are unaffected by this slight change 
in initial moisture and do not require this 
correction. 


Effect on Film Properties 

In general the physical properties of 
the films dried under these conditions 
differed very little from the properties 
of the same films dried on conventional 
machines. The author wishes to stress 
that these remarks apply only to the 
films actually tested and that it would be 
a mistake to assume that all films would 
react similarly. Careful measurements 
of the brittleness, curl level, humidity 
curl amplitude and distortion were 
made on all of the films which were 
used in the experiments. A comparison 
of these values with typical values of 
normally dried film showed no out- 
standing differences. The films used 
in the investigation and the measure- 
ments made are listed in Table II. In 
drying the films for these measurements, 
the machine speed was adjusted so that 
the film would be dried to approxi- 
mately a 50°; R.H. equilibrium mois- 
ture content. In addition, some samples 
were purposely overdried, particularly 
at the higher air temperatures in order 
to show any effects of overdrying. 

When the films were not overdried, 
the rapid drying had little effect on 
either the curl level or the humidity 
curl amplitudes, In the case of the Fine 
Grain Release Positive there was some 
lowering of both of these values. Over- 
drying did not seriously affect either 
of these properties, although there is a 
slight indication that it may lower the 
humidity curl amplitude of some of the 
films. 

The effect on the brittleness, as indi- 
cated by the Vise Brittleness and Pfund 
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Fold ‘Tests,* was negligible tor all the 
films except the Super XX Panchro- 
matic Negative. Overdrying this film 
increased the brittleness. However, 
when the film was properly dried, it was 
not brittle. 

An examination of the various films 
for distortion showed that nearly all 
of them were fluted. This  fluting 
seemed to be more severe on the films 
which had been dried at temperatures 
above 180 F. Poor alignment in the 
experimental machine may have been 
responsible for the distortion. It also 
may have been caused by the softening 
of the hard 
temperatures 


rubber spools at these 
with the result that the 
films tended to climb the flanges rather 
than to be guided by them. It is 
possible that the distortion could be 
eliminated in a_ well-built machine. 
However, our experience illustrates how 
easily the film can be distorted at these 
temperatures, and, therefore, the neces- 
sity of extremely good film transport 
mechanism in rnachines of this type. 
Attempts to evaluate the tendency for 
the rapidly dried film to go “in-and-out 
of focus’’® have not been very successful 
to date, It can be said that none of the 
rapidly dried films equalled the per- 
the of the normally 
dried films with which they were com- 
On the other hand, little differ- 
ence could be found between the average 
performance of all of the rapidly dried 


formance of best 


pared. 


* The Vise Brittleness ‘Test consists of 
breaking a loop of film, emulsion side out, 
between the jaws of a vise closed at uni- 
form speed. ‘The distance between the jaws 
at the instant of film failure is the value 
given as vise brittleness. This is usually 
done in a room held at 70 F and 10% 
R..H. after the film has been equilibrated 
to these conditions. 

The Pfund Fold Test consists of the fold- 
ing of a short free loop of film alternately 
emulsion in and out. <A fold is considered 
as a complete cycle. ‘This test is also run 


at 70 F and 10°), R.H., with the film 


equilibrated to those conditions. 
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films when compared with the average 
performance of all of the normally 
dried films used in the test. 

The “in-and-out of focus” test used is 
rather severe and simulate 
trade conditions. It consisted of the 
continuous projection of a 45-ft loop of 
film by an are projector operated at a 
light intensity approximately equal to 
the maximum in present theaters. The 
arc was a condenser type, burning a 
13.6-1nm 170 amp, and 
equipped with an / 2.0 quartz con- 
denser set to deliver a mean net radiant 
flux to the film of about 0.5 watts sq m. 
‘The image is projected with an f 2.0 


does not 


positive at 


projection lens, and an observer sets 
the focus each time the start of the loop 
passes through the projector and records 
the focus position as indicated by a dial 
indicator. He also records the appear- 
ance of the image. ‘The test continues 
until the image is steady and the focus 
becomes constant or until the loop has 
made 25 cycles. Under these conditions 
film will almost always go “in-and-out 
of focus,” but the more cvcles a loop 
of film will travel before this occurs the 
less the chance that it would give trouble 
in actual theater use. 

High-intensity projection of a 1000-ft 
roll of rapidly dried film in a trade use 
test did not cause “in-and-out of focus.” 
This roll was projected four times per 
day for forty projections at the end of 
which time the focus had 
become constant. 

Further work is being done on this 
problem but at present it must be con- 
cluded that the “in-and-out of focus” 
tendency of rapidly dried film may be 
somewhat greater than with normally 
dried film. If commercial installations 
of this type of drier are made, the 
product should be carefully checked for 
this defect and procedures established 
which will minimize the tendency. 

Projection life of the Fine Grain 
Release Positive Film rapidly dried was 
the same as for conventionally dried 
product as were also the tear values. 


position 
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Impingement Air vol., Air press., 

velocity, fpm cfm in 
2.000 28 0.69 
4.000 aT 
6,000 85 6 25 


Effective film path 


Sensitometric Properties of Fine 
Grain Release Positive Safety Film 


D. R. White? pointed out that drying 
conditions can change density and 
contrast depending on the humidity 
and temperature of the air used. An 
experiment was made by printing a 
variable-area and a_ variable-density 
sound track on two parts of the same 
roll of Fine Release Positive, 
processing both in the normal manner 
and drying half of each part in the 
normal manner, while the remainders 
were dried in 6 sec with air at 210 F, 
The rapid drying increased the optimum 
density of the variable-density sound 
track by 0.03 and decreased the density 
of the variable-area sound track by 0.10. 


Grain 


The density shift in the former case is 
not. considered significant, but the 
latter is significant and would require 
compensation if repeated tests showed it 
to be real. 

Rapid Drying of Rapidly Processed Film 

While it is not the purpose of this 
paper to discuss the drying of rapidly 
processed films, it is felt that 
mention of the problem should be made 
because of the general interest in the 
subject as a result of discussions of it in 
the current literature. 

The rapid drying of rapidly processed 
film which was discussed by Katz* is a 
problem somewhat different from the 
rapid drying of normally processed film. 
Because of the short immersion time, 
only the emulsion absorbs an appreciable 
amount of and this ab- 


some 


water even 


sorption may be limited by the process- 
ing. 
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Table II. Experimental Impingement Drier Air and Heat Requirements 


Heat required, Btu/min 


125 I 150 F 200 F 
28.2 37.4 50.8 
57.2 63 115.5 
85.4 423.5 171.8 


To illustrate the effect. that this 
method of processing has on required 
drying time, it was found that rapidly 
processed Fine Grain Release Positive 
Film could be dried on this equipment in 
3.6 sec with 200 F air at a velocity of 
4,090 fpm and in 3.0 see at 6,000-fpm 
air velocity. This is approximately 
one-third of the time required to dry the 
same film, under the same conditions 
after normal processing. 

Because each emulsion as well as each 
film support has its moisture 
absorption characteristics, a comparison 
of this drying time with the drying time 
of another machine using a different 
film and process has very little meaning. 


own 


Power Consumption 


In order to convey some idea of the 
economics of this type of drying, the air 
and heat requirements of the experi- 
mental drier are given in Table Til. 
No power measurements were made 
on the blower because it was realized 
that the power for full-scale equipment 
could be much more accurately de- 
termined from the manufacturers’ cata- 
logs on the basis of the pressure and 
volume of air required. ‘The heat re- 
quirements are based on using 100° 
fresh air at a temperature of 70 F and 


50% R.H. and assuming that there 
would be a 10° loss of heat in the 
system. 

With these data it is possible to 


calculate the general requirements of a 
production drier and obtain some 
conception of its physical size, as well 
as power requirements. For example, 
assume that an impingement drier is 


Rapid Film Drying 101 


| 
i 
< . ' 


— 


Fig. 10. Arrangement of an Impinge- 
ment Drier Cabinet for Drying Fine 
Grain Release Positive Film at 300 fpm. 


to be used for drying Fine Grain Release 
Positive Safety Film at 300 fpm with 
200 F air at a velocity of 4,000 fpm. 
From Fig. 5, the required drying time 
for this film for these conditions is 10 
sec. To this must be added 10° to 
compensate for the low initial moisture 
content of the experiment, making the 
actual required drying time 11 sec. 
This means the film path in the drier 
must be 11/60 K 300 = 55 ft. This is 
approximately 15.4 times as large as 
the pilot-plant machine. Therefore, 


the total air requirement is 900 cfm and 
the heat required is 1800 Btu/min. 
The pressure required to deliver air 
at this velocity through the orifices is 
2.7 in. of water. 


Any fan similar to a 
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Clarage size 1} type W single-width 
fan running at about 1800 rpm and 
powered with a 1-hp motor would be 
suitable for this service. 

Figure 10 is a sketch to illustrate the 
approximate size of the drier cabinet 
and showing some of the features which 
would be desirable in such an installa- 
tion, 

In this arrangement the machine 
would have a single rack of film 5 ft 
high with 6 strands on it. ‘Three-inch 
diameter film spools could be used. 
Backing rollers would be required so 
that the maximum unsupported film 
length would be 20 in. The air would 
be supplied from a large duct at the rear 
of the film cabinet. The three sections 
of the center plenum chamber would 
be rigidly attached to this duct and 
open into it. The two outside plenum 
chambers impinging on the emulsion 
surface would also open into the duct; 
however, they could be hinged on the 
duct so that they could be swung aside 
to facilitate inspection of the film or 
threading up. Inside the air duct at 
the openings to the side plenums, flap- 
type dampers could be provided which 
would automatically close off the air 
flow to the plenum chambers when they 
were swung aside. 

Attached to the outside plenums, 
across the vertical edges, glass panels 
are shown and these together with the 
metal flaps attached to the bottoms 
would form a cabinet when the plenums 
were in their operating position. The 
top of the cabinet would be formed by 
the fixed exhaust duct which should be 
piped outside the building. 

It would probably be desirable to 
install an automatic damper in the main 
air supply to shut off the air to the 
plenums in case of accidental stops 
while film is in the cabinet. The space 
occupied by the machine would be 
approximately 1 X 2 ft without fan or 
heaters. 

Since this sketch and description are 
not intended to be a finished design, 
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no attempt has been made to show the 
equipment in detail and necessary items 
such as film drive, take-up mechanism, 
fan and controls have been omitted. 
There are many ways in which this 
length of thread-up and air system 
could be arranged and this is not pre- 
sented as the best. It does serve to 
point out graphically how compact the 
equipment can be. 

The cost of the equipment would 
probably be less than for conventional 
driers of similar capacity. ‘The power 
requirements are actually less than for 
many conventional driers of less capacity. 


Remarks 


In contemplating the installation of 
impingement driers for commercial work 
there are several factors which should 
be considered. 

The first of these is the problem of 
squeegeeing. In rapid drying the re- 
moval of all surface water is essential 
if water spots are to be avoided. 

It should also be noted that once the 
drier is built experiments will have to 
be made with each film which it is 
intended to dry, in order to determine 
the operating conditions which will 
satisfactorily dry the film at the design 
film speed. The operator’s judgment 
will not be adequate in this case. The 
curl level of rapidly dried film, as it 
emerges from the cabinet, is not the 
same as it will be after the support and 
the emulsion have equilibrated.  Fur- 
thermore, the film may feel dry and warm 
as it emerges even though insufficiently 
dry. This film may become tacky after 
it is rolled up and the base and emulsion 
have equilibrated. The proper condi- 
tions can be found by trial and error 
or by making moisture analyses of the 
film dried under different air conditions. 
Once these conditions are established 
the acceptable moisture range provides 
liberal margins of safety with respect 
to either air temperature or velocity. 
It is also possible that one such set of 
conditions will be satisfactory for drying 
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a variety of films. For example, it was 
found that with a drying time of 12 
sec and air at 200 F and 4,000-fpm 
velocity, Fine Grain Release Positive, 
as well as both types of Sound Record- 
ing film would be dried properly. 
However, this could not be determined 
by observation of the film. It is be- 
lieved that this is the principal dis- 
advantage of this type of drying. 

The purpose in presenting — these 
data has not been to encourage the use 
of this type of drying for any and all 
applications. ‘The experiments do in- 
dicate that the method is applicable to 
a variety of films. It is known, however, 
that 16mm Kodachrome will become 
extremely brittle if impingement dried 
at temperatures higher than 125 F, 
It is possible that other films will have 
similar limitations. It is therefore ur- 
gently suggested that before designing 
or installing this type of equipment, the 
manufacturers of the various types of 
films which are to be processed in the 
machine be consulted. 


Conclusions 

This survey has shown that many 
motion picture films can be safely dried 
with hot impinged air. Drying times 
ranging from 10 to 30 sec with air 
temperatures as high as 200 F did not 
have undesirable effects on the physical 
properties of the films tested. There is 
an indication that the film density is 
affected by the treatment but the 
amount of change is small. 

Consideration of several methods 
which might be used for rapidly drying 
motion picture film seem to indicate 
that the most suitable method for com- 
mercial application is by means of high- 
velocity hot air. 

While the method has been used 
successfully in experimental tests on a 
wide variety of films, it would be wise 
for anyone contemplating the installa- 
tion of such equipment to determine 
first its effects on each of the types of 
film which he intends to use in it. 
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Further Experiments in High-Speed 
Processing Using Turbulent Fluids 


By LEONHARD KATZ and WILLIAM F. ESTHIMER 


The results of an investigation into the effects of turbulence in the rapid 
processing of photographic film under fixed conditions are described. For 


test purposes a turbulent processing machine was constructed permitting 


A, A RESULT of a number of investiga- 
tions made involving mass transfer under 
conditions of turbulent flow, the possi- 
bility of increasing the speed of develop- 


ment of photographic film by means of 


turbulent liquids and gases was taken 
under consideration during November 
1949. As a result of some theoretical 
work, an initial machine was constructed 
as shown in Fig. 1 for the purpose of ex- 
perimenting with small strips of motion 
picture film subjected to turbulent de- 
veloper. These experiments were com- 
pleted in Apri! 1950 and have been de- 
scribed in Ref. 1. 

The experiments indicated that at 
room temperature turbulent developing 
fluid acted between 2 and 3} times as 
fast as normally agitated developing 
fluids, using standard developers and 
positive-type film. Some experiments 


Presented on October 8, 1952, at the 
Society’s Convention at Washington, D.C., 
by Leonhard Katz, Woburn Engineering 
Co., 19 Ward St., Woburn, Mass., who 
read the paper, and William F. Esthimer, 
Raytheon Mfg. Co., Waltham 54, Mass. 
This is a report of research carried out at 
the Raytheon Mfg. Co., Waltham 54, Mass. 
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rapid switching of fluids and evaluation of resulting reactions. 


were performed using different 


films and mono-bath solutions  (i.e., 
solutions for the simultaneous developing 
and fixing of an emulsion) in cooperation 
with the Optical Research Laboratory, 
Boston University, during April 1950. 
It was observed that the time factor 
varied between 2 and 33 and was 
apparently influenced by variations in 
the thickness of the emulsion and the 
type of film used. It was also observed 
that the normal equilibrium between 
developing and fixing solutions in the 
mono-bath was upset under conditions of 
turbulent flow so that the relative rate 
of developing and fixing was changed. 
Although the initial experiments were 
rather incomplete it was observed that 
the time factor increased as the Reynolds 
number was increased and no apparent 
leveling off of the curve was observed 
within the limited region of the experi- 
ments (the maximum Reynolds number 
was 90,000). addition, it was 
observed that with thin emulsions the 
time factor (over normal agitation 
developing) increased to approximately 
53} at slightly elevated temperatures. 
It appeared that the application of 
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area normal to heat or mass trans- 


fer, sq ft 
B = thickness of stagnant layer, ft 
C = concentration, % 


C, = specific heat, Btu/lb°F 


D = diameter, ft 

Ey = rate of mass transfer, lb/hr 

g = acceleration of gravity, ft/sec? 

h = heat transfer coefficient Btu/hr- 
sq ft °F 


turbulent fluids might well provide an 
important time gain in the rapid proc- 
essing of photographic film and_ that 
further investigation would the justified. 
It was, therefore, decided to embark on 
a research program in which an effort 
would be made to the results 
which were solely attributable to the 
effect of turbulence so that a proper 
evaluation could be made. 


isolate 


Scope of the Investigation 


Although it was realized from the 
beginning that the effects of turbulent 
flow would be more useful if they were 
combined with other changes, such as 
increased concentration of developer, 
different emulsions, different tempera- 
tures, etc., it was decided to limit this 
first investigation solely to the investiga- 
tion of the effects of turbulence. Conse- 
quently, the following standards were 
established : 

1. The film to be used was Kodak 
Super-XX_ Aerographic Film. 

2. The developer to be used was 
Kodak Developer D-19.* 

3. The temperature at which the film 
was to be processed was to be maintained 
at 68 F (66 F to 70 F). 

4. The fixer to be used was Kodak 
Fixing Bath F-6.* 

5. The developing time under turbu- 


*See Photo Lab Index, Henry M. Lester, 


Sect. 6, Morgan & Lester, New York, 


12th ed., 1952. 
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k = thermal conductivity 

Pr = Prandtl number, Cpu/k 
Re = Reynolds number, DVp/u 
Sc = Schmidt number, yp/d 
7 = temperature, °R 

V velocity, fpm 

6 = diffusivity, sq ft/hr 

a = viscosity, lb/ft hr 

p = density, lb/cu ft 

@ = partial pressure, atm 


lent conditions was the time measured 
between the initiation of turbulent flow 
and the cessation of turbulent flow. 

6. The fixing time was determined 
as the time to clear the film completely 
of opalescence. 

7. Washing time was determined by 
silver nitrate tests.** 

8. Small samples of film approxi- 
mately 1} in. wide by 6} in. long, on 
which a photographic wedge had been 
exposed, used in stationary 
mount. 


were 


Theory 

The treatment of photographic emul- 
sion by means chemicals 
to perform the functions of developing, 
fixing, washing and drying and other 
basic functions can, in general, be 
separated into two basic phenomena 


of various 


as follows: 

1. The chemical reaction taking place 
between the particles contained in the 
photographic emulsion and the particles 
introduced by external means. 

2. The diffusion by which 
chemicals are transported from the sur- 
rounding atmosphere into and out of 
the gelatin to permit the accomplish- 
ment of the chemical reaction. 

Photographic film can be considered 
as consisting of a base which absorbs 
fluids, and a_ gelatin 


these 


practically no 


** The Theory of the Photographic Process, 
C. E. K. Mees, Macmillan, New York, 
1942, p. 532. 
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layer which can absorb a large amount 
of fluids. The processing of film requires 
that the molecules of the processing 
fluids diffuse into the gelatin layer and 
out of the gelatin layer depending on 
whether the process is one of developing, 
fixing, washing, or drying. This transfer 
of fluids into and out of the gelatin layer 
serves only the purpose of transporting 
a smal] amount of chemicals which can 
then react with other substances already 
present in the emulsion. It can be 
seen that if this transfer rate of fluids 
can be increased, the speed of chemical 
reaction will, in general, also be in- 
creased inasmuch as the rate of chemical 
reaction will be dependent on the 
number of chemical particles which are 
carried into or out of the emulsion by the 
transporting fluid. 

For instance, a developing fluid will 
consist largely of water containing vari- 
ous chemical substances. Upon sub- 
mersion of a film in the developer, the 
fluid will penetrate the gelatin, taking 
the chemical substances with it. The 
actual developing process inside the 
gelatin is then governed by statistical 
rates which determine the total number 
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Model developing test set-up. 


of molecules of the developing agent 
which come in contact with the various 
molecules of silver halides which are in 
the gelatin. As the developing process 
takes place, a concentration gradient 
will be established in the emulsion such 
that the amount of active ingredients, 
i.e., unused developer, decreases at 
greater depth in the emulsion. Given 
a specific emulsion and a specific chemi- 
cal formula to be used for the developing, 
there are a number of factors which 
can be used for increasing the velocity 
of development as follows: 

1. The concentration of the developer, 
i.e., the number of available molecules, 
can be greatly increased. As a result 
of this, the probability of a silver halide 
molecule making contact with the 
developer molecules is greatly increased. 

2. The velocity of the developer 
molecules may be considerably increased 
by an increase in the temperature of 
the developer, which will so increase 
the agitation of the molecules that the 
probability of collision is again greatly 
increased. 

3. The rate of diffusion through the 
gelatin may be increased, thereby re- 
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ducing the concentration gradient in 
the gelatin. 


tration of effective developer inside the 


Consequently, the concen- 


emulsion is enormously increased, which 
again increases the probability of colli- 
sion. 


that the three 


mentioned are to a 


It should be noted 
variables 


extent independent variables. 


great 


Basic Theory of Mass Transfer! 


In order to study the problems in- 


volved in diffusion more closely, it is 
well to consider first the general theory 
of mass transfer between a solid sub- 
stance and a liquid or gaseous sur- 


theory 
which 


rounding. From the general 
it will then apparent 
parameters can be varied to obtain the 


become 


maximum rate of mass transfer and so 
obtain the maximum speed of processing. 

It has long been recognized that heat 
and mass transfer problems are similar 
in nature and that the same theory will 
apply to both problems. ‘The heat and 
mass transfer between a liquid and solid 
will depend on a number of variables 
as follows: 

1. The area of contact through which 
heat or mass transfer takes place. 

2. The driving force, i.e., the tempera- 
ture difference in case of heat transfer 
or concentration difference in case of 
mass transfer. 

3. The resistance to or heat 
transfer which is proportional to the 
thickness of a stagnant layer existing at 
the dividing surface between the two 
media. 


mass 


The first two variables have usually 
been well recognized, and it is the usual 
practice to increase heat or mass transfer 
by increasing the surface area or increas- 
ing the driving force, i.e., raising the 
temperature, 

The third variable takes into account 
the resistance to heat or mass transfer 
in the stagnant layer. This will be 
especially important where the stagnant 
laver is a controlling factor, as is the 


case in the developing and drying of 
photographic film. The stagnant layer 
as used in the following discussions can 
be considered as a relatively non-moving 
layer of liquid or gas. 

It is well to realize that the stagnant 
layer may not always be the controlling 
factor, so that care must be taken in 
applying this theory to other 
transfer problems. 

It appears from theoretical considera- 
tions and experimental verifications that 


the law which governs mass transfer and 
transfer can be formulated as 
follows: The action which is obtained 
(the total heat or mass transfer) is equal 
to the driving force (temperature differ- 
transfer, concen- 
the case of mass 


heat 


case of heat 
tration difference in 
transfer) divided by the resistance (the 
thickness of the stagnant layer). This 
be stated in abbreviated form as 
follows: 


ence in 


can 


for mass transfer of gases 
Gat — Par 


Pin 
BOA 


E, = 


for mass transfer of liquids 
Cas Cae 


(2) 


In these equations, FE, is the total 
number of molecules transferred, which 
is the action obtained, the numerator 
in each case represents the driving 
force, and the denominator, the resistance 
to action formed by the stagnant layer 
of thickness B. 

These basic formulas are found to be 
the governing factors in mass transfer, 
and it can be seen that mass transfer 
can be increased in the following 
manner: 

1. By increasing the driving force. 

2. By reducing the resistance of the 
stagnant layer. 

The resistance of the stagnant layer, 
as a first order approximation, is pro- 
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portional to the thickness of the stagnant 
layer and, therefore, any methods by 
which the thickness of the stagnant 
layer can be reduced will proportionally 
reduce the resistance of the stagnant 
layer. This proportionality may not 
hold true when the stagnant layer be- 
comes extremely thin, i.e., of molecular 
size, but as a first order approximation 
it will hold true. 


Reduction of Stagnant Layer 


From the foregoing explanation it 
can be seen that the stagnant layer in 
liquids and gases is an extremely im- 
portant factor which determines the 
rate of diffusion, The problem which 
now exists is how to reduce this stagnant 
layer so that the mass transfer can be 
increased. One method of reduction 
of the stagnant layer which has met with 
success is the application of supersonic 
vibrations which so agitate the surround- 
ings as to reduce the thickness. A 
simpler way which has met with greater 
success, however, has been found in 
the application of turbulence. 

Early investigations by experimenters 
interested in the problems of fluid flow 
indicated that if liquid flowed through 
a tube the velocity distribution across 
the tube would be approximately para- 
bolic. ‘The steep sides of the parabola 
represent the stagnant fluid on the sides 
of the wall in which the velocity was so 
low that it could effectively be considered 
as standing still. However, it was soon 
discovered that if conditions in the tube 
were changed and the velocities of the 
liquids increased, a point was reached 
where suddenly the nature of flow 
changed completely. Whereas pre- 
viously the flow was relatively smooth 
and streamlined, the new condition was 
one of extreme turbulence in which a 
considerable agitation of the fluid inside 
the tubes took place, and the velocity 
distribution could no longer be repre- 
sented by a parabola but was more 
rectangular. 

The first condition of flow was arbi- 


trarily called laminar and the second 
condition was called turbulent flow. 
It was later discovered that the Reynolds 
number (Re = DVp/u) was the main 
governing factor in the determination 
of whether the flow was turbulent or 
laminar, and it was specifically found 
that a critical Reynolds number exists 
at a value of approximately 2300 above 
which all flow is turbulent and below 
which all flow is laminar. It should 
be noted, however, that conditions can 
be artificially made such that turbulent 
flow can exist at Reynolds numbers 
below 2300, and laminar flow can exist 
at Reynolds numbers above 2300. In 
general, however, the critical Reynolds 
number of 2300 is a reasonable point for 
the determination of the separation 
between the two kinds of flow. 

It is especially important to note 
that the critical Reynolds number (the 
number at which laminar flow is no 
longer possible and turbulent flow 
exists) is 2300 only in circular ducts, 
with fluids flowing axially. For rec- 
tangular ducts correction factors must 
be applied and for circular flow in the 
plane perpendicular to the axis of the 
tube turbulent flow sometimes occurs 
only at extremely high Reynolds num- 
bers (approximately 500,000). Care 
should be taken not to confuse turbulent 
flow with “vigorous agitation.” It is 
possible to have vigorous agitation in 
laminar flow, but turbulent flow is a 
specific condition in which the fluid 
provides its own agitation by breaking up 
into a series of vortices. It is only under 
these conditions that the stagnant layer 
is reduced as has been previously dis- 
cussed. 

As a result of a large number of 
measurements in the field of heat 
transfer it was found that the heat trans- 
fer coefficients will be governed by the 
following correlation: 

h 1 


0? 0,83 ( Py 
D 0.023 Pr) (3) 
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where the Prandt! number, in a dimen- 
sionless coefficient, is defined as 


Pr (4) 
k 
Similarly, it was found that the mass 
transfer will be governed by the following 
correlation (which was first pronounced 
by Gilliland) : 
1 1 


= 
0.023 (Re)®-#(Sc) (5) 


where the Schmidt number is 


up 
Sc = 3 (6) 
As a result of this formulation, means 
are now indicated for reducing the thick- 
ness of the stagnant layer B. If a 
specific fluid or gas is selected for 
experimentation the following param- 
eters usually remain constant within 
the range of experimentation; 


Viscosity, 
Density, p 
Diffusivity, 6 
Specific heat, C, 
Conductivity, &. 


As a result the Schmidt number 
which contains the values yp, p, and 6 will 
be constant. ‘The Prandt! number con- 
taining C,, wu, and k will be constant. 
Consequently Eq. (3) can then be 
written as follows: 

Reo.88 


h ™ Ky (7) 


and Eq. (5) can be rewritten as follows: 


1 Re.88 
= Ke (8 
Usually the less exact notation is pre- 
ferred as follows: 


1 K. 


(9) 


This equation indicates clearly that 
the thickness of the stagnant layer B 
which is a controlling factor in the rate 
of diffusion (and thus the rate of develop- 
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ment) is inversely proportional to the 
factor Re®-8/D. 

If we have a tube through which 
liquids or gases flow, the mass transfer 
coefficient cannot be indefinitely in- 
creased, as for a given diameter an 
increase in velocity will result in an 
increase in horsepower required to 
drive the gases or fluids through the tube. 
Similarly, a reduction in diameter at 
constant velocity will cause an increase 
in the pressure drop required to force 
the gases or liquids through the tube 
resulting in an increased horsepower 
and equipment size. Consequently, 
there is a practical limitation to the 
choice of the velocity and the diameter. 
Velocities near or above the sonic level 
are usually undesired because of other 
effects accompanying supersonic flow. 
reasonable compromise, however, 
can usually be found with velocities in 
the vicinity of 50 to 400 miles per hour 
and diameters in the range of 0.1 to 7 
mm. This permits the use of Reynolds 
numbers well in the turbulent region 
in the vicinity of 50,000 to 500,000 and 
Re®*/D factors of considerable magni- 
tude. The horsepower required to drive 
the fluids or gases under those conditions 
is usually quite low, and experiments 
can usually be performed with pumps or 
blowers driven by motors of reasonable 
size (ranging from 1/20 to 2 hp). In 
general, the design of the equipment is 
dictated to a great extent by the avail- 
ability of a pump, and usually the 
design of a turbulent fluid chamber is 
based on a particular pump or blower 
which is available rather than on 
optimum theoretical considerations. 


Application of the Theory 
to Photographic Development 


The foregoing theory indicates that 
improvement can be obtained from the 
application of turbulent fluids to photo- 
graphic development and that this will 
be a function of Re®*/D. The improve- 
ment, however, will only be significant 
if the following conditions prevail: 


4 


1. substantial concentration gra- 
dient exists through the emulsion. 

2. The diffusion time through the 
emulsion is not abnormally high. 

3. The time of chemical reaction is 
not abnormally long. 

4. The emulsion is relatively thin. 


If any one of these aforementioned 
quantities becomes dominant, so that 
it becomes the main controlling factor 
of the photographic process, the improve- 
ment due to the application of turbulent 
fluids will be considerably reduced. 
Conversely, any reduction in these 
factors will increase the time gain 
obtained by the application of turbulent 
fluids. Consequently, the gain resulting 
from the application of turbulent flow 
will, in general, increase as the speed 
of photographic processing is increased. 
Therefore, greater improvements can 
be expected from the application of 
turbulence if more concentrated, higher- 
temperature developers are used with 
thinner emulsions. 


Description of Equipment 


In order to perform satisfactory 
experiments in which quantitative data 
could be obtained with a reasonable 
degree of consistency, a turbulent proc- 
essing unit had to be constructed which 
would permit changing the desired 
variables while leaving all other param- 
eters constant. The original —proc- 
essing unit which had been constructed 
during early experiments (see Fig. 1) 
was not suitable because it did not 
permit switching fluids. Consequently, 
the film samples had to be removed 
from the chamber by hand and_ be 
immersed in a fixer or stop bath for the 
processing. This hand operation varied 
too much in time from one sample to 
the next and consequently a_ wide 
spread in the data was obtained. 

It was, therefore, decided to build an 
equipment to conform to the following 
specifications: 

1. The machine will permit the rapid 


introduction and withdrawal of a film 
strip approximately 35 mm wide and 6} 
in. long on which a photographic wedge 
has been exposed. 

2. The machine will permit the 
introduction of different channel diam- 
eters over the film so as to permit the 
study of different Reynolds numbers and 
different diameters. 

3. The machine will permit the 
introduction of several fluids in rapid 
succession, 

4. Timing will be accomplished elec- 
trically and automatically so as to 
eliminate human error. 

5. At least one of the fluids will be 
variable over a wide range in pressure 
and volume. 

6. Provisions will be made for thermo- 
statically controlling the temperature 
of the solutions. 

7. Volume flow, temperature and 
pressure of the fluid will be measured. 


As a result a turbulent processing 
machine was designed as shown in 
Figs. 2 to 8, inclusive. This machine 
consists of three basic units as follows: 

1. Base frame containing motors, 
pumps, drip tank, variable speed drive, 
fluid tanks and cooling system. 

2. Turbulent developing chamber 
with intake, exhaust and by-pass valves. 

3. Control panel containing motor 
and valve timing controls. 


The base frame (see Figs. 2, 5 and 6) 
is of angle-iron construction of dimen- 
sions 60 &X 30 X 42 in. Four 1-hp, 
1725-rpm, 220-v, 3-phase, Ideal motors 
are mounted on the lower level of the 
base frame. Each of these motors 
drives an Eastern Industries Model Z, 
flange-mounted, 304 stainless-steel pump 
through belts and pulleys. The pumps 
are mounted several inches above the 
motors, which permits the changing of 
pulleys so as to get different operating 
speeds of the pumps. In addition, a 
Worthington All-Speed drive was in- 
stalled between one of the motors and 
the pump to permit continuous varia- 
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Fig. 2. Overall front view of completed high-speed film processor. 


tion of the pump speed from one-eighth 
the motor speed to twice the motor 


speed. A cast-iron protectively coated 
junction box was mounted on the frame 
to allow waterproof electrical connec- 
tions. All wiring was encased in steel 
tubing and completely shielded from 
the splashing of the fluids. A large 
stainless-steel drip pan of 10-gal capacity 
was placed beneath the pumps, above 
the motors, with provisions to drain 
the pan in one corner. 


The chamber and valve frame (see 
Figs. 2.6) is mounted on the top right- 
hand side of the base The 
valves control the introduction of the 
various fluids into the processing cham- 
ber. ‘This processing chamber is made 
of 1l-in. lucite, and designed in such a 
way that film can be introduced into 
the chamber easily, while still permitting 
the use of different channel sizes. For 
this purpose a draw slide was built into 
this chamber (see Figs. 3 and 4) in 


frame. 
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Fig. 3. Turbulent developing chamber 
and slide valves. 


which the film is fastened and onto 
which the turbulent flow channel is 
attached. When the draw slide is 
pushed into the unit it is sealed by 
means of a gasket, firmly connected 
on the outside and clamped by means 
of three screw handles, The fluid 
entrance and exit consist of two 1-in, 
stainless-steel nipples press-fitted into 
two lucite endpieces. Adjacent to the 
endpieces are two plenum chamber 
sections to provide a space in which 
the fluid pressure can be equalized across 
the channel face. From the plenum 
chamber the fluid goes through a narrow- 
ing section until the channel has the 
desired configuration of the channel 
above the film, The film slide contains 


Interchangeable 
Channels 


Drawer 
Slide 


Film Sample, 
Emulsion Side Up 


Handle 


Fig. 4. Cross section through 
turbulent developing channel. 


two clamps in which the film is clamped. 
The film strips are approximately 
6} in. long by 1] in. wide. The two 
film clamps are designed in such a 
manner as to cause a minimum of flow 
disturbance. A steel and sponge-rubber 
hinge assembly closes on the outside 
of the chamber to minimize leakage. 
“The third component of the equipment 
is the control pane! (see Fig. 8). It 
contains all the electrical control com- 
ponents and circuits. The lower four 
buttons control the 1-hp motors which 
operate the pumps. A set of buttons 
across the top of the panel control the 
solenoid valves, ‘The timers are mounted 
below the buttons and a selector switch 
has been mounted so as to permit the 
introduction of the timers into any one 
of the circuits. One timer controls the 
time during which the fluid is pumped 
through the chamber. At the end of the 
pumping cycle, selected by the 
selector switch, the fluid valve auto- 
matically closes and an air stream is 
sent through the chamber to flush the 
system for a short period of time. The 
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Fig. 6. Base frame of turbulent processing unit. 
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flushing time period can be set on a 
separate timer in preparation for the 
following fluids. A 30-min timer has 
also been mounted on the panel to permit 
automatic developing for longer periods 
of time. ‘These timers have an accuracy 
of 3 sec over their entire range. Inas- 
much as it was expected to operate the 
entire equipment in total darkness, 
and in order to permit emergency dis- 
connection in case of failure of the 
equipment, a bar was provided across 
the front of the panel which actuated 
the main contactor, disconnecting all 
valves and motors, when depressed. A 
reset button was mounted behind this 
emergency bar. 

Two pressure gauges were installed 
on the control panel to read the input 
and output pressure of the film chamber. 
A stainless-steel flow meter (Shutte & 
Koerting Co., Size 6 Rotameter) was 
installed to permit an accurate measure- 
ment of volume flow of the fluids going 
through the chamber. 
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Detail of upper valve mechanism of turbulent processing unit. 


The valves used in this machine were 
stainless steel, 1} in. in diameter oper- 
ated by The air 
cylinders were controlled in pairs from 


compressed 
a two-way pilot valve in such a way 
that either the by-pass valve or the 
The 


pilot valve automatically reversed the 


intake valve was open at all times. 


position of the two valves when actuated, 
and a suitable delay was built into the 
pilot valve system so that the by-pass 
valve would not close until the channel 
intake valve was open. ‘The four 
exhaust valves were each controlled by 
their individual electrically operated 
pilot valves. 

All plumbing between the valves and 
the chamber was either stainless steel 
or Carlon.* In addition a water 
was built into the system controlled by 
a hand-operated stainless-steel valve 


line 


10225 Meech 


*Carlon Products Co., 
Ave., Cleveland 15, Ohio. 
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Table I. 


Cross-section Max. Re Gpm at A, at Max. Re®-* 

size of channel obtained max. Re max. Re D Hp req. 
1 2X jin. Not used Not used Not used Not used Not used 
2 1 X fin. 85,800 25.7 a.19 1.94 X 105 0.057 
1X fin. 90 , 800 24.7 90 2.78 X 105 0.13 
4 t xX é in. 82,600 20.3 18.5 4.64 X 105 0.22 
5 1X Ain. 51,400 11.9 20.5 6.02 X 105 0.14 
6 1X 38,700 6.7 23.5 9.40 105 0.12 
7 2 & .015 in. 11,200 5.2 19.5 6.95 X 105 0.06 
which permitted the flushing of the — veloping refers to the development of a 


entire system. 

Each fluid tank had a cooling system 
using 4%-in. stainless-steel cooling tubes 
through which tap water was forced. 
The flow of the tap water was regulated 
by means of four solenoid-operated 
valves which were controlled from four 
thermostats hung in the individual tanks. 
This system automatically maintained 
the four solutions at between 68 and 
70 F. 

In order to perform proper tests a 
number of different channels were made 
available to be mounted in the draw 
slide over the film. These channels 
were all milied out to a different depth 
and had proper entrance and exit 
sections to reduce the pressure drop. 


The available channels are shown in 
Table I. 
Inasmuch as the total number of 


stainless-steel valves required for the 
operation of four fluids was not imme- 
diately available and time was of the 
essence, the machine as shown in Figs. 
2 to 8 inclusive was constructed for two- 
fluid operation and manual water 
flushing. Most experiments were done 
on the machine as shown and the other 
four valves permitting four-fluid opera- 
tion were not installed until later. 


Description of the Tests 


Defintions. Before describing the tests 
performed it might be well to define 
some terms which will be used hereafter. 

“Stagnant”’ or 


“no agitation” de- 
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sample of film lying completely at rest 
in a standard developing tray. The 
fluid in the tray is completely at rest. 
The fluid in the tray consists of a sample 
of fluid taken from the developer tank of 
the turbulent processing machine. ‘These 
samples of developers were taken from 
the tank of the turbulent processing 
machine only after the developer fluid 
had been circulated through the machine 
so as to provide thorough mixing. After 
the sample of developer fluid had been 
put into the tray the temperature of the 
fluid in the tray was measured with a 
thermometer, 

“Manual agitation’ or “constant 
agitation” refers to a test sample of 
film which is agitated vigorously through 
the developer in a developing tray. The 
developer in the tray was again obtained 
from the tank in a turbulent processing 
machine as before. The temperature 
of the developer in the tray was again 
measured with a thermometer before 
and after tests. 

Resolution Test. rough resolution 
test was first performed with a number 
of film strips of Super XX Aerographic 
film exposed to a newspaper by means of 
an ordinary camera. A number of these 
strips were placed in a standard develop- 
ing tray where they were developed by 
either “no agitation” developing or 
“constant agitation’ developing (for 
definitions of these terms see above). 
A number of similar samples were then 
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MANUAL 
VALVE 


mounted in the turbulent developing 
machine and developer fluid was run 
over the film at high speed. After 
fixing, washing, and drying, the samples 
were carefully examined and no large- 
scale distortions detectable under a 
microscope were found to exist, so that 
it was possible to continue with the 
remaining tests without any further 
worries of distortion. A sample of this 
test has been reproduced in Fig. 9. 


Turbulent Developing. The turbulent 
developing tests were performed as 
follows: 


A sample of film was taken in complete 
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Fig. 8. Front view, control panel of turbulent processing unit. 


CHAMBER INLET 
PRESSURE GAUGE 


darkness from its storage box and 
mounted in the turbulent developing 
chamber containing a channel pre- 
viously selected. The draw slide was 
pushed in and the gasket seal was 
clamped on. ‘The timer had previously 
been set to the desired turbulent de- 
veloping time and the motor and pumps 
were running. ‘The valves were in the 
by-pass position so that fluid was already 
being pumped around but did not pass 
through the chamber. 

The timer button was then pushed, 
permitting the developing fluid to pass 
over the test sample for the desired 
period of time. After the completion 
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Fig. 9. Rough resolution test. 


of the timing cycle the fluid was drained 
out of the chamber and air was intro- 
duced to blow the remaining fluid out 
for approximately second, The 
fixer solution was then introduced into 
the chamber and permitted to fix the 
sample. ‘The time used for fixing was 
always in excess of the maximum time 


one 
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required for complete fixing of the 
sample. 

The following control tests were per- 
formed before and after each run. 
Before the beginning of a run of tests 
a number of samples were put in a tray 
for different lengths of time and de- 


veloped with ‘“‘no agitation.” These 
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5 min. 
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samples were then removed and put in 
a tray containing fixing bath and later 
were put in a normal wash tank with 
running water. A number of samples 
were also developed under condition of 
“continuous agitation.” These samples 
were again fixed in a regular tray and 
washed in a regular bath. The same 
procedure was also followed after the 
completion of a run of tests and before 
the particular developer used in the 
tests was thrown away. These control 
tests gave a close check on any small 
variations in the properties of the de- 
veloping fluid. All samples were 
properly marked during the tests so 
that identification was possible after 
the samples had been washed and dried. 

The washing of all samples was done 
in the regular running water tray bath 
for a period of at least one hour and the 
samples were then dried by hanging 
them up on a line. The densities of the 
exposed wedges were read on a densitom- 
eter. 

The film used during the entire tests 
was Super XX Aerographic film which 
Was cut up into small samples approxi- 
mately 6 in. long and 1} in. wide. 
These film samples were exposed to a 
photographic wedge in the sensitometer 
at Boston University. The film samples 
were kept in a light-proof box in the 
darkroom and were usually used for the 
tests within a day or two after exposure. 

A number of different channel heights 
were used in the tests with the different 
channels as described previously. In 
addition, for each channel the pump 
speeds, and consequently the flow rate, 
through the chamber were varied con- 
siderably by means of the variable speed 
drive contained in the system. 

The temperature of the operating 
fluids was accurately maintained by 
means of an independent temperature 
control system. ‘This systern consisted 
of separate thermostats for each tank, 


operating a solenoid valve which intro- 
duced cooling water through the cooling 
coil in the tank. The temperature 
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variations of the fluids as observed were 
approximately +}5°. The temperature 
was maintained at 68 F. 


Turbulent Fixing. ‘Vurbulent fixing tests 
were performed in the following manner: 
A strong light was mounted behind the 
turbulent processing chamber and_ the 
observer placed himself on the other 
side of the chamber, so that he could see 
the sample mounted in the chamber 
with the light shining through it. ‘Turbu- 
lent fixer was then passed through the 
chamber and the observer noted the time 
required for the sample to clear com- 
pletely. As soon as the sample was 
completely cleared the observer would 
notify a second observer who noted the 
exact time elapsed. All the different 
channels were used in the turbulent 
fixing tests under different conditions of 
flow as observed in the flow meter and 
the pressure gages. “No agitation” 
fixing and “constant agitation’ fixing 
tests were performed to check on any 
variations in the fixing bath. The 
samples used were not developed to 
eliminate variations introduced by the 


developer. 


Turbulent Washing. For the turbulent 
washing tests a sample was first de- 
veloped in a tray under conditions of 
no agitation,” then fixed in a tray 
under conditions of “no agitation.” 
The wet sample was then mounted in 
the turbulent developing chamber and 
turbulent water was passed over the 
sample. It should be noted here that 
the water used for turbulent washing 
was recycled but fresh water was also 
added continuously during the test. 
After a fixed period of time, as deter- 
mined by the electric timer, the water 
flow over the sample was shut off, the 
sample was quickly removed from the 
chamber and mounted in a test tube 
containing silver nitrate. ‘The sample 
was then vigorously shaken until a de- 
posit was formed and the amount of 
deposit was compared with a number 
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Fig. 12. Plot of time factor 
(turbulent developing time 
compared to ‘‘no agitation”’ 
developing time) as a func- 
tion of */D; gamma 
1.3; x gamma 1.0. 
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Fig. 13. Plot of time a 
factor (turbulent developing 10 
time compared to ‘‘constant 
agitation’ developing time) 
as a function of k#*/D; 
gamma = 1.3; * gamma 10 


1.0, 


of standard deposits which had been 


from “no agitation” and 


washing tests. 


obtained 
“continuous agitation” 


Results 


Turbulent Developing. Vhe results of 
the turbulent developing experiments are 
shown ip Figs. 10 to 15, inclusive. ‘These 


figures contain only the digested data 


obtained from the readings of the various 
samples. 10) 11 
all the data obtained in the ‘“‘no agita- 
tion” developing tests and the ‘constant 


bigures and contain 
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30 40 50 60 70 80 90 100 110 120 


agitation” developing tests run as control 
after the turbulent 
developing tests. In order 
basis for comparison, average curves 


tests before and 


to have a 


were drawn through all these points 


which produced the average “no agita- 
curve and the average 
These average curves 


tion” “constant 
ayitation”” curve 


were used for COtparison whepeves the 


control test data in the experiments had 
been spoiled by fogging. In addition the 
average curves were used as a check to 


observe that the daily control tests did 
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Fig. 14. 


Plot of time factor (turbulent developing time compared 


to ‘no agitation’’ developing time) as a function of gamma. 


not vary substantially from this average 
test. If a substantial variation was 
noted then the data with this particular 
type of developer were discarded and the 
developer was declared spoiled. Figures 
12 inclusive contain the time 
factors of turbulent developing over no 
and constant agitation de- 
The factors defined as 


to 15 
agitation 
veloping. 
follows: 
1. The time turbulent 
developing over constant agitation de- 
veloping is defined as the ratio of the 


are 


factor ol 
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developing time between continuous 
agitation developing and turbulent de- 
veloping to reach the same gamma. 


2. The time factor of turbulent 
developing over no agitation developing 
is defined as the ratio of the developing 
time between no agitation developing 
and turbulent developing to reach the 
gamez. 


Examination of Figs. 12 and 13 
indicates that the time factor appears 
to be a slightly rising function of the 
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Fig. 15. Plot of time factor (turbulent developing time compared 
to ‘‘constant agitation’’ developing time) as a function of gamma. 


factor Re®* DD. It can be seen that a 
variation in the Re®* D factor between 
2 and 95 produces a variation in the 
time factor of turbulent agitation over 
no agitation varying from 2.3 to 4.5. 
Similarly, it is apparent that the time 
factor of turbulent developing over 
constant agitation developing — varies 


between 1.1 and 2.0 for a gamma of 


1.0 and between 1.25 and 2.2 for a 
gamma of 1.3. 

Attempts to plot the data obtained 
as a function of Reynolds number alone 


resulted in a wide spread in the data. 
This verified the theory which indicated 
that the Reynolds number is not the 
critical variable in the rate of develop- 
ment but that the figure Dis 
the important factor. theoretical 


derivation of the reasons for the use of 


this factor has been given previously.) 
When the Re°* D factor is used as the 
abscissa on points obtained with differ- 
ent channels, they fall into a relatively 
smooth curve. 

It is interesting to note that a variation 
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of approximately 5 to 1 in the Re®8/D 
factor produced a variation of approxi- 
mately 2 to 1 in the time factor, either 
when compared to no agitation develop- 
ment or constant agitation development. 
It appears that the time factor is greater 
for higher gamma development than 
lor lower gamma development. 

The lower 
Figs. 12 and 
can be noted that the curves in Fig. 12 
should go through the point 1.0 on the 

(Re®*, D) 
when the 


ends of the curves in 


13 are not shown but it 


abse isSa 
indicates that 
the time factor is 1. 


ordinate when the 
This 
fluids are at rest 
Similarly, the curves in Fig. 13 should 


is’ ©). 


go through 0.6 on the ordinate when the 
abscissa (Re“*/D) is 0, indicating that 
agitation and 
constant agitation is approximately 0.6. 

In Figs. 14 and 15 are plotted the 


the ratio between no 


time factors as a function of gamma 


comparing turbulent developing to no 
agitation developing and constant agita- 


tion developing. It can be seen that 
the time factor, in) general, increases 
slightly as the gamma increases and 


that this increase is not always constant. 
The dispersions in the curves must be 
attributed to the fact that insufficient 
data were taken, so that a small amount 
of fog or uneven developing would 
cause a considerable uncertainty in the 
data. Figure 15 gives a good indica- 
tion of what type of data can be ex- 
pected. All follow fairly 
reasonable pattern in that the time 
factor increases as a function of Re®*, D. 
The only exception in these curves is 
the second one from the top (marked with 
squares) which was taken with channel 

This channel was completely differ- 
ent from all the other channels in that 
it had a width of 2 in. instead of 1 in. 
and its opening depended completely on 
the fluid pressure. It observed 
that the development across the width 
of the channel was not even under all 
conditions and, therefore, considerable 
variation in data may have taken place. 
All the other curves follow a regular 


curves 


was 


pattern except that some of them seem 
to indicate that the time factor vs. 
gamma curve is a linear curve, and the 
upper three indicate that the curve might 
be slightly concave with a minimum 
gamma of approximately 1.0. In- 
sufficient data were taken to determine 
the exact behavior of the curves and 
consequently they were plotted as the 
experimental points indicated. is 
interesting to note that the curves ob- 
tained with channel 6 (1 X in.) 
at a Reynolds number of 38,700 and 
with &.7 of flowing 
through the chamber time 
factor in 2 over the entire 
range of gamma. ‘The horsepower re- 
quired for this rate of developing was 
approximately {. 


developer 
showed a 


excess of 


Turbulent’ Fixing. results of the 
turbulent fixing experiments are shown 
in Figs. 16 and 17. It can be seen from 
these figures that the large number of 
results obtained with different channels 
follow a clearly definable pattern when 
plotted as a function of Re®*;D. From 
Fig. 16 it can be seen that the clearing 
time for no agitation fixing is 255 sec, 
the constant agitation clearing time is 
158 sec, and the turbulent fixing time 
varies from 100 sec to 68 sec over a 
range of Re°* D from 0.4 to 8.8. A 
plot of the turbulent fixing time factors 
over no agitation fixing and constant 

The time 
are defined 


agitation is shown in Fig. 17. 
factors as shown in Fig. 17 
as follows: 

1. The time factor of turbulent fixing 
over no agitation fixing is defined as 
the ratio of the fixing times between 
turbulent fixing and no agitation fixing 
to reach the same clearing point (total 
clearing). 

2. The time factor of turbulent 
fixing over continuous agitation fixing 
is defined as the ratio of the fixing times 
between turbulent fixing and continuous 
agitation fixing to reach total clearing. 


It can be seen from Fig. 17 


that the 
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time factor of turbulent fixing over no 
agitation fixing varies from approxi- 
mately 2.55 to 3.75 (average 3.15). 
Similarly, the time factor of turbulent 
fixing over constant agitation fixing 
varies from 1.78 to 2.35 (average 2.06). 
It is interesting to note that the curve 
shown in Fig. 17 rises rather steeply 
initially, but levels off after an Re®*/D 
factor of approximately 10° has been 
reached. 


Turbulent Washing. The data obtained 
from the experiments with turbulent 
washing are shown in Fig. 18. The 
time factor of turbulent washing over 
normal tank washing is defined as the 
ratio of the washing times between 
turbulent washing and washing 
obtained by putting a sample in a tank 
through which fresh water is streaming 
at a moderate rate. The comparison 


is made when the two samples, both of 


which have been developed and fixed 
in the same manner, produce a pre- 
cipitate of silver nitrate of the same 
quantity after washing. Two curves 
are shown in Fig. 18, one for a volume 
flow of 26 gpm with a1 X 3 in. channel 
and one for a volume flow of 5 gpm for 
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Fig. 18. Time factor (turbulent wash- 
ing time compared to flowing water tank 
washing time) as a function of washing 
time; temp., 68 F; 1 X % channel at 
26 gpm (RA*/D = 1.86 XK 105); 1 X 
q'y channel at 5 gpm (R?*/D = 5.95 
10°), 


al X g/5 in. channel. It can be seen 
that the last curve actually has the 
higher Re®*/D factor and, therefore, 
rises above the other curve. It can 
be seen that the time factor varies ap- 
proximately between 5 and 2 for the 
first curve and approximately between 
5 and 25 for the second curve. 


Discussion of Results Obtained 


Examination of Figs. 16 to 18 inclu- 
sive indicates that the speed of photo- 
graphic processing can be adequately 
represented as a function of Re°*/D 
under conditions of turbulent flow. 
Although it is important that the opera- 
tion be performed at high Reynolds 
numbers such that the flow is turbulent, 
it can be noted that high Reynolds 
numbers alone are not sufficient to 
obtain rapid processing. Rapid proc- 
essing will, however, be obtained at 
high values of Re°*/D. The relation- 
ship of developing time and the Re®-*/D 
factor is in agreement with the theory 
except that the theory predicts a linear 
relationship between processing time and 
Re®*/D. From the data obtained 
far it appears that the time factor is an 
approximate function of (Re*/D)}. 
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An explanation of the variations of the 
results from the theory can be found 
in the experiments which will be pre- 
sented in a later paper regarding the 
delayed onset of turbulence. A _ con- 
siderable amount of research is now 
being carried on in the field of heat 
transfer to gain more knowledge _re- 
garding the onset of turbulence. It 
may be possible that the experiments 
presently being conducted in the field 
of heat transfer concerning the study of 
turbulence promoters can be directly 
applied to turbulent developing so that 
the time factor will again become a 
linear function of Re®*/D. Some indica- 
tions exist that increased rates of develop- 
ment can be obtained by fully developed 
turbulence. 

From the data obtained it appears 
that using Super XX Aerographic film 
and D-19 developer at a temperature of 
68 F the time factor of turbulent develop- 
ing Over continuous agitation developing 
will vary between approximately 1.5 
and 2.25 and the time factor of turbulent 
developing over no agitation developing 
varies between approximately 2.2 and 
4.5. It is, therefore, reasonable to 
conclude that a time advantage of 2 
over continuous agitation can be ob- 
tained under field conditions if turbulent 
developing is used. Similarly, a time 
advantage over no agitation of approxi- 
mately 33 can be obtained under field 
conditions if turbulent developing is 
used. Higher time factors may be 
feasible, especially at higher functions of 


Re® */D, but this has not yet been 
experimentally verified. 
Examination of Figs. 16 and 17 


indicates that a time factor of turbulent 
fixing over continuous agitation fixing 
varies between 1.78 and 2.35 with an 
average value of approximately 2. 
Similarly, a time factor of turbulent 
fixing over no agitation fixing of 3.15 can 
be expected under field conditions where 
this time factor actually varied from 2.55 
to 3.75. 

The experiments on turbulent wash- 
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ing indicate that using Super XX 
Aerographic film at 68 F the time factor 
of turbulent washing over washing in a 
tank with water flowing continuously 
will be approximately 3} under field 
conditions. The time factor actually 
varied between the values of 2 and 5 in 
the experiments. 

The overall results of the experiments 
performed seem to indicate that a time 
factor of turbulent processing over 
continuous agitation processing of at 
least 2 can be obtained under field 
conditions for the entire photographic 
process using Super XX Aerographic 
film with standard developer (D-19) 
and standard fixer (F-6) at a temperature 
of 68 F. The overall results indicate 
also that a time factor of turbulent 
processing over no agitation processing 
of at least 35 for the entire photographic 
processing can be obtained under field 
conditions using Super XX Aerographic 
film with standard developer (D-19) 
and standard temperature of 68 F. 

The experiments seem to indicate 
conclusively that the rate of processing 
will be a function of Re®*/D and it has 
also been observed that high Re®*/D 
factors can be successfully obtained with 
extremely narrow channels requiring a 
minimum of horsepower for the pumping 
of fluids. It observed that the 
highest’ rates of development were 
usually obtained with a total required 
horsepower of not more than 3 to } 
for a photographic strip 6 in. long and 
approximately 1 in. wide. 


Was 


Further Improvements to Be Expected 


The experiments described 
indicated that a minimum time factor 
of 2 is certainly obtainable using turbu- 
lent flow principles. The fact that 
standard developer (D-19) and standard 
fixer (F-6) were used at a standard 
tempgrature (68 F) indicates that this 
time factor of 2 is independent of other 
improvements which can be obtained 
by other means. Consequently, the 
time factor of 2 will always be in addi- 


above 
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tion to other improvements which can 
operation at higher 
temperatures or higher concentrations. 

Ihe theory further indicates that 
the time factor of 2 will considerably 
increase when the entire photographic 
process is speeded up. ‘The speeding 
up of the photographic process, in 
general, might be obtained as follows: 

1. Operation at elevated tempera- 
tures (approximately 85 to 100 F). 

2. Operation with more concentrated 
chemical solutions (both developer and 
fixer). 

3. New chemical compositions such 
as mono-bath or other chemicals which 
may have harmful effects when used 
under conditions of no agitation or 
constant agitation but may be well 
suited under conditions of turbulence. 

4. The application of electric fields 
to increase the ion transfer occurring in 
the photographic process. 

5. The use of developing or fixer 
solutions in which the chemicals making 
up the composite solutions are passed 
over the film in succession without 
having previously been mixed. For 
instance, a developer solution will 
normally consist of various constituents 
such as alkali, developing agents, re- 
ducing agents and retarder. It may 
be possible that a greater increase in 
the rate of developing can be obtained 
by passing through alternate shots of 
various submixtures of these agents of 
different balance at intervals of ap- 
proximately one second. In this way 
it might be feasible to swell the gelatin 
rapidly first, then rapidly introduce the 
developing agent which may have a 
different rate of diffusion than the 
swelling agent, then give a shot of re- 
tarder which again may diffuse through 
the gelatin at a different rate. As a 
result it might be possible that the sum 
total of chemicals deposited in the 
gelatin is identical whereas the total 


be obtained by 


rate of transfer is increased because of 


the increased concentration of each of the 
components. 
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Discussion 


Paul Treland (EDL Co.): You referred to 
the diameter —is that the equivalent 
diameter? You don’t have an actual 
cylindrical tube. You have a rectangular 
cross section. Is there a mathematical 
equivalent to the diameter? 

Mr, Katz: Yes, we use the equivalent 
diameter D, which is given by the following 
equation: 


2D,D2 


D, = 
Di + De 


where D,; and Dz» are the sides of the 
rectangle. This equivalent diameter is 
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also tour times the hydraulic radius, 
whichever way you'd like to express it. 

Mr. Ireland: From this equation that 
you give here, since the viscosity and 
density are constants, is the diffusion 
proportional to the velocity’ * then? 

Mr. Katz: The diffusion is equivalent 
to velocity’ divided by the diameter 
to the 0.2 power. You may notice that 
the expression governing the rate of mass 
transfer always has diameter in it. So 
it is not sufficient to have high velocity, 
you must also have a very small diameter. 

Mr. Ireland: Were these experiments 
all done with turbulent fluid flow? Were 
there any in which the Reynolds number 
was less than that necessary to give turbu- 
lent fluid flow? 

Mr. Katz: No, the machine was de- 
signed so as to operate at a Reynolds 
number of at least 10,000, which is well 
in the turbulent region. 10,000 to 100,000 
is the range in which we operated. 

Charles N. Edwards (Fairchild Camera 


Corp.): 1 was especially curious about 


Katz and Esthimer: 


your talk on further research when you 
mentioned using electrical fields to accel- 
erate ionization. Can you give me more 
information in regard to your work with 
this process? 

Vir. Katz: The biggest ion transfer in 
of course, 


the photographic process is, 


washing and we simply computed that 
the rate of diffusion of the ions through the 
gelatin helped if an_ electric 
field would be applied to them. Then 
once they got to the surface they could be 
carried off by the turbulent stream, so in 
combination of electric field and turbulent 
flow you might get a very large decrease 
in the washing time required and therefore 
you would save a lot of water by doing so. 
No further work has been done on this. 
William H. Offenhauser, Jr., Consultant, 
New Canaan, Conn.: (In accordance with 
a suggestion by Mr. Offenhauser, the 
author has augmented his original defini- 
tions in order to make the presentation as 
nearly as possible complete within itself, ) 


would be 


Turbulent Fluid Processing 


, 
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Isotransport Camera 
for 100,000 Frames per Second | 


By C. DAVID MILLER and ARTHUR SCHARF 


A detailed description is given of the theory, construction and application of 
a new type of Isotransport camera using the rotating drum principle and 
designed to provide a potential repetition rate up to 100,000 frames/sec. It 
is expected that this camera will be of particular interest to organizations 
whose need for equipment in the higher speed range does not justify the 


Mas: OF THE USEFUL applications of 
high-speed photography involve the 
speed ranges covered by available com- 
mercial equipment, from 2,000 to 15,000 
frames/sec. However, a considerable 
need exists for equipment usable within 
the next higher order of speed, from 
10,000 to 100,000 frames/sec. Although 
excellent equipment can be constructed 
for use in this higher speed range, the 
investment cost is necessarily high as 
compared with that of the available 
commercial equipment for use in the 
lower speed range. Because of the 
somewhat less frequent need for equip- 
ment in the higher speed range, an 
individual commercial organization may 
require such equipment throughout an 
interval of only a few months within a 
ten-year period. For such limited use 


Presented on October 9, 1952, at the So- 
ciety’s Convention at Washington, D.C., 
by C. David Miller, who read the paper, 
and Arthur Scharf, Battelle Memorial 
Institute, 505 King Ave., Columbus 1, 
Ohio. 


investment required to provide a permanent installation. 


the investment cost is often prohibitive ; 


hence, desirable and useful research or 
development projects remain undone. 
As a remedy for this undesirable condi- 
tion, Battelle has developed and con- 
structed a new type of Isotransport 
camera for operation in the higher 
speed range. This camera is now 
available for use in research or develop- 
ment for industrial or Government 
sponsors. Use of the camera is expected 
to range from a few months to several 
years for each sponsor, at a cost to each 
sponsor for the camera itself of only a 
small fraction of the total investment. 
Cameras of several types have been 
developed for operation in the speed 
range from 10,000 to 100,000 frames/sec. 
A judgment of the excellence of these 
cameras will rate them in various orders, 
depending upon the particular desirable 
feature used as a basis of comparison. 
The Isotransport principle, selected as a 
basis for the design of the Battelle 
camera, offers an exceptionally good 
compromise between the following de- 
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sirable, and often mutually conflicting, 
characteristics: 
High optical speed, 
High mechanical speed, 
Good resolution, 
Freedom from distortion, 
Freedom from blurring due to relative 
motion between image and film, 
Adaptability to various types of photog- 
raphy and subject matter, 

Large number of pictures exposed in one 
sequence, 

Projectability of photographs as exposed 
without re-registration, 

Simplicity and ruggedness of construc- 
tion, 

Economy of construction, and 

Economy in the use of photographic 
film. 


The Isotran principle was first used 
in a camera developed in the labora- 


General Design Features 


Figure 1 is a photograph of the 
Battelle Isotran camera. The visible 
major components are labeled in the 
photograph. The only moving part 
that is photographically functional is 
a disk, approximately two feet in diam- 
eter, which spins within the rotor 
housing. This disk, weighing about 
50 Ib, is fabricated of forged aluminum 
alloy; it turns at 12,000 rpm for a 
repetition rate of 100,000 frames/sec, 
or at proportionately lower speeds for 
lower repetition rates. The disk carries 
either one or two strips of standard 8mm 
film, approximately six feet in length, 
in closed circular loops on the inner 
surface of ledges at its periphery. 

The spinning disk carries, in addition 
to the film, a series of small mirrors 
disposed about its outer periphery. 
These mirrors operate in pairs, one pair 
for each frame to be exposed, a total of 
1,000 mirrors for the 500 frames that 
can be exposed in one photographic 
sequence. ‘These mirrors, which will be 


ISOTRANSPORT DESIGN 


tories of the National Advisory Com- 
mittee for Aeronautics."? That camera, 
of which three units were constructed 
by NACA, has. given highly satis- 
factory service over a period of about 
thirteen years. Many of the results of 
its work have been published.* Its 
maximum speed is 40,000 frames/sec. 
In the Isotran camera developed at 
Battelle, the mechanical and optical 
arrangements have been considerably 
modified from those of the NACA 
camera, to permit a potential increase 
of repetition rate to 100,000 frames/sec. 
The unique feature of the Isotransport 
camera is the transport of film and 
photographic images by the same optical- 
mechanical part. By this means identity 
of motion of film and image, both as to 
speed and direction, is permanently and 
rigidly assured. Backlash of gears, 
increasing with wear, is never involved. 


explained in detail later, function in 
conjunction with a number of stationary 
parts of the optical system of the camera, 
and they constitute the image-transport 
mechanism. Hence the spinning disk, 
with the attached reflectors, constitutes 
both the image-transport and the film- 
transport mechanism. It is from this 
advantageous condition, allowing no 
conceivable variation in relative speed 
of image and film, that the name 
“Tsotransport” is derived. 

The spinning disk is driven by a piston- 
type hydraulic motor which occupies 
part of the space within the hydraulic- 
motor housing. This hydraulic motor is 
geared to the shaft of the spinning disk, 
to provide 34 turns of the disk for each 
turn of the motor. Fluid is delivered 
at 1000 psi to the hydraulic motor by the 
vane pump, direct-connected to the 
three-phase induction motor. 

The hydraulic drive, as opposed to a 
direct or geared connection of the 
electric motor to the spinning disk, 
represents the most convenient solution 
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The Isotransport camera developed at Battelle. 


OBJECTIVE LENS 


Film AND FINAL IMAGE 


Fig. 2. Simplified schematic diagram of optical system of Isotran 
camera in perspective. 


to the problem of transmitting mechani- 
cal power into an evacuated space. 


The problem of drive is entirely one of 


acceleration to operating speed within 


a reasonable time, against the forces of 


inertia and windage. After operating 
speed is reached, the driving power is 
shut off and the entire series of pictures 
is exposed immediately. After the 
pictures are exposed, the electric motor 


and the vane pump are stopped, and 
the hydraulic piston motor is allowed 
to operate as a pump. Rapid decelera- 
tion is then achieved by constriction of 
the flow of fluid in the discharge line 
from the hydraulic piston motor. 

Also contained within the hydraulic- 
motor housing is a tachometer genera- 
tor, connected with an indicator on the 
instrument panel to show speed in rpm. 
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The optical system, indicated in 
Fig. 1, comprises five stationary lenses 
and five stationary mirrors, in addition 
to the moving reflectors mounted in the 
periphery of the spinning disk. 

The entire assembly, including the 
30-gal reservoir for the hydraulic system, 
is mounted on a structural steel frame- 
work, which in turn is supported on 
casters. The camera, weighing about 
one ton with fluid, can be pushed about 
readily by hand. It has been moved 
over distances of 100 miles by truck 
without any need for readjustment of 
the internal optical system. 


Optical Design 


Figure illustrates the  Isotran 
principle in its simplest form. The main 
difference between this simplest form 
and the form actually used is the omis- 
sion of several stationary mirrors, whose 
only function is to bend the optical path 
for mechanical convenience. 

The essential optical components are: 
(1) an objective lens, (2) the moving 
mirrors providing image transport, (3) 
a first refocusing lens, (4) a second re- 
focusing lens and (5) the moving photo- 
sensitive film. 

The objective lens forms a primary 
image of the subject to be photographed. 
This primary image is formed at the 
location of the mirrors that provide 
image transport. ‘These moving mirrors 
impart a motion to the primary image, 
without rotation, as viewed from the 
direction of the two refocusing lenses 
and the photosensitive film. This trans- 
lational motion imparted to the primary 
image is in a direction at right angles 
to the optical axis of the first refocusing 
lens. The purpose of the two refocusing 
lenses is to gather the light from the 
moving primary image, to refocus this 
light to form a secondary and _ final 
image on the moving film, and to modify 
the direction and speed of motion of 
the secondary image relative to the 
direction and speed of motion of the 
primary image in such a way that the 
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Fig. 3. Means of imparting translational 
motion to reflected ray of light. 


final image on the film will move at the 
same speed and in the same direction 
as the film. 

Figure 3 illustrates the manner in 
which the mirrors in the periphery of 
the spinning disk impart translational 
motion to the primary image formed 
by the objective lens, as viewed from 
the position of the first refocusing lens. 
In this figure, the solid lines show a 
pair of mutually perpendicular mirrors 
in one position, and the dashed lines 
show the same pair of mirrors in a later 
position. <A single incident ray of light 
is shown, which may be considered as 
having come from the objective lens. 
Two positions are shown, however, for 
this same ray of light after having been 
reflected by both mirrors of the pair. 
The upper emerging ray is in the posi- 
tion corresponding to the first position 
of the mirror pair, the lower emerging 
ray in the position corresponding to 
the second position of the mirror pair. 
By simple geometry, the second emerging 
ray may be shown to be displaced from 
the position of the first emerging ray 
by a distance twice as great that 
through which the mirror pair moves in 
passing from the position of the solid 
lines to the position of the dashed lines. 

In Fig. 3, for both positions of the 
emerging ray, the incident ray is re- 
flected first from the lower mirror of 
the pair, then from the upper mirror. 
At a later stage in the motion of the 
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Fig. 4. Manner of modification of 
image motion by refocusing lenses. 
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mirror pair, the order of reflection would 
be reversed, the incident ray first strik- 
ing the upper mirror, then the lower. 
However, no change occurs in the 
manner of movement of the emerging 
ray at the time of reversal of the order 
in which the mirrors function. 

As similar translational movement is 
imparted to each ray of light proceeding 
from the objective lens to the primary 
image, upon reflection from the pair of 
moving mirrors, the primary image as 
represented by the emerging rays must 
appear to move in the same direction 
and at twice the speed of the moving 
mirrors. 

Figure 4 illustrates the manner in 
which the refocusing lenses modify the 
motion of the final image on the photo- 
sensitive film relative to the motion 
imparted to the primary image by the 
moving pair of mirrors. This figure 
represents a condition, approximated 
in the actual camera, in which the speed 
of the photosensitive film is the same as 
the speed of the mirror pairs. For this 
condition, the focal lengths of the re- 
focusing lenses their positions 
relative to the primary and secondary 
images must be such that the secondary 
image will be exactly half as large in 
any linear dimension as the primary 
image. Both primary and secondary 
image, as shown, include an arrow with 
a cross alongside at each end. As may 
be readily seen, remembering that the 
arrow in the primary image is twice as 
long as in the secondary image, the two 
crosses are twice as far apart in the 
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OBJECTIVE LENS 


Fig. 5. Schematic diagram of optical 
system as used in the Isotran camera 
at Battelle. 


primary image as in the secondary. 
Hence, if one of the crosses in the pri- 
mary image is regarded as a displaced 
position of the other, the displacement 
is half as great in the secondary image. 
Hence, the rate of displacement of the 
secondary image is half that of the 
primary image. 

Besides the function of imparting 
apparent motion to the primary image, 
and consequent real motion to the final 
image on the moving film, each pair of 
mutually perpendicular mirrors serves as 
a focal-plane shutter governing the 
exposure on the moving film of the 
particular frame with which that pair 
of mirrors is concerned. As each pair 
of mirrors sweeps across the primary 
image, exposure of the different parts 
of the final image on the film proceeds 
in exactly the same manner as if the 
image of the reflectors themselves formed 
the moving slit of a focal-plane shutter 
on the film. Al) pairs of mirrors start 
and end the exposures of frames at the 
same absolute locations. The continuous 
motion of the film, therefore, effects the 
necessary displacement of the successive 
frames one from another throughout the 
length of the strip. 

Figure 5 illustrates schematically the 
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Fig. 6. Vertical section of camera, through axis of rotation, showing mechanical details. 


Isotran system in the form used in the 
new camera. ‘This arrangement differs 
from that of Fig. 2 by the insertion of 
five stationary first-surface mirrors, for 
the purpose of bending the optical path 
around a nearly closed path, in such a 
manner that the moving pairs of mu- 
tually perpendicular mirrors can be 
carried in the outer periphery of the 
spinning disk, while the photosensitive 
film is carried on the inside of a ledge 
forming an integral part of the same 
spinning disk. 

With this arrangement, the first and 
second refocusing lenses are mounted 
with parallel optical axes. One 
tionary mirror is used in each of three 


Sta- 
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positions: between the primary image 
and the first refocusing lens; between 
the two refocusing lenses, on the axis of 
the first refocusing lens; and between 
the second refocusing lens and the film. 
‘Two stationary mirrors are used in the 
between the refocusing 
lenses, on the axis of the second re- 
focusing lens. These two mirrors, mu- 
tually perpendicular, are used, instead 
of a single plane mirror, to reverse the 
direction of movement of the final image 
on the film. Otherwise, the final 
image would move at the same speed 
as the film but in the opposite direction. 

Figure 6 is a somewhat simplified 
longitudinal section through the axis 
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of the spinning disk and through the 
axes of the various optical parts, showing 
the important mechanical details of 
this Isotran camera. In this sketch 
two cylindrical lenses are shown which 
were not included in the diagram of 
Fig. 5. 

The cylindrical lens near the focal 
plane of the primary image causes the 
primary image to conform to. the 
cylindrical surface traced by the lines 
of intersection of the pairs of mutually 
perpendicular mirrors in the periphery 
of the spinning disk. Upon the second 
passage of the light beam through this 
cylindrical lens, after reflection from the 
moving mirrors, the light rays are re- 
stored approximately to the condition 
corresponding to a flat primary-image 
plane. 

The cylindrical lens near the moving 
photosensitive film causes the final image 
to conform to the cylindrical shape of the 
moving film. 

The emulsion of the photosensitive 
film, carried on the inner surface of the 
ledge, is very slightly closer to the axis 
of spin of the disk than are the lines of 
intersection of the moving, mutually 
mirrors. Any linear 
dimension of the final image must, 
correspondingly, be slightly less than 
half the same dimension in the primary 
image. Ready adjustment of the final 
image to the exact size required is 
made possible by the condition of paral- 
lelism of the optical axes of the two 
refocusing lenses. The three stationary 
mirrors located in the optical pai’ 
between the two refocusing lenses are 
mounted on a single bracket, which can 
be adjusted in a direction parailel to 
the axes of the refocusing lenses. If the 
first refocusing lens is held stationary 
while the bracket mounting the three 
stationary mirrors is moved outward, 
and if the second refocusing lens is 
moved along its optical axis in such a 
manner as to retain a sharp focus of the 
final image on the film, the size of the 
final image changes. 


perpendicular, 
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The spinning disk is axially symmet- 
rical. A second optical system is now 
being constructed, which with the 
present system will allow photographs 
to be taken simultaneously on film 
strips mounted on the inner surfaces 
of the ledges on both sides of the disk. 
This second optical system will be 
located at a position along the circum- 
ference of the rotating disk 25° away 
from the present system. The second 
optical system will be reversed from 
right to left relative to the first optical 
system shown in Fig. 1. 

The possibility of taking two series 
of photographs of the same phenomenon, 
with an absolute chronological correla- 
tion, will be of great advantage in the 
study of combustion in an _ engine 
cylinder, and possibly also for other 
applications. In the study of com- 
bustion, schlieren photographs will be 
taken at the same time as direct-flame 
photographs. The results should answer 
a number of questions relative to the 
meaning of phenomena observed in the 
schlieren photographs but not seen in 
direct-flame photographs. 
Optical-Mechanical Details 

The lenses used in the present optical 
system of the camera are all standard 
products purchased from the Bausch & 
Lomb Optical Co. The objective lens 
is a Tessar, {/4.5, of 139-mm_ focal 
length. The first refocusing lens is a 
Baltar, f/2.7, of 152-mm focal length; 
the second refocusing lens is a Baltar, 
f/2.3, of 75-mm focal length. These 
lenses were selected partly on a_ basis 
of high optical speed, but primarily on 
the basis of optimum resolution. 

For the second optical system of the 
camera, now under construction, pri- 
mary emphasis will be laid upon high 
optical speed, with good resolution as a 
secondary consideration. At the same 
time that the present optical system is 
used for schlieren photography, the 
second system will be used for direct- 
flame photography, that is, for photog- 
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Fig. 7. Portion of periphery of spin- 
ning disk showing form of mutually per- 
pendicular reflectors and manner of 
mounting with notched retaining sectors. 


raphy of flame by the light which the 
flame itself radiates. Because securing 
adequate exposure densities is very 
difficult in direct-flame photography, 
some sacrifice in resolution appears 
justified, 

In the second optical system, the two 
cylindrical lenses will be omitted.  Al- 
though the resulting images will not 
conform exactly to the rotational surface 
of the moving optical parts, detracting 
somewhat from the quality of the 
resolution, a saving of approximately 
15% of the light passing the objective 
lens will result. For the second optical 
system, the objective lens will be a 
Baltar, f/2.7, of 152-mm_ focal length. 
The first refocusing lens will be a Cine- 
phor, f/2.6, of 6.00-in. focal length. 
The second refocusing lens will be a 
Supercinephor, f/2.0, of 2.75-in. focal 
length. 

A suitable method for fabrication and 
mounting of the mutually perpendicular 
mirrors in the outer periphery of the 
spinning disk presented a_ perplexing 
problem. Figure 7 represents a portion 
of the periphery of the spinning disk 
showing the form of the mutually per- 
pendicular reflectors and the manner 
of mounting with notched retaining 
sectors. ‘This figure shows a wide slot 
in the peripheral surface of the disk, 
undercut at each side, in which reflecting 
prisms and prism-retaining sectors are 
mounted. As may be seen from the 
figure, the ends of the reflectors extend 
into the undercuts of the slot in the 
peripheral surface of the disk, and are 
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held in position by the aluminum re- 
taining sectors which also fit into the 
undercuts. After assembly, each of the 
aluminum retaining sectors is secured 
in position by three No. 0-80 machine 
screws, Which are locked by a drop of 
Glyptal on the head. 

When the disk attains a speed of more 
than a few revolutions per second, 
centrifugal force drives each prism-type 
reflector firmly against its seat in the 
prism-retaining sectors. Each _prism- 
type reflector, fabricated of a high-alloy 
steel, is polished and coated for high 
reflectivity on one surface only. ‘The V- 


notches were cut in the prism-retaining 


sectors with an accuracy of +2 or 3 
min of arc. As the reflecting surfaces 
themselves are driven by centrifugal 
force firmly against the notched surfaces 
in the retaining sectors, the 90° angle 
between the two reflecting surfaces of 
a pair is accurate within the same 
tolerance that maintained for the 
V-notches in the prism-retaining sectors. 

Although the arrangement of mount- 
ing of the 500 pairs of mutually per- 
pendicular reflectors in the periphery 
of the spinning disk permits use of prisms 
having only one polished reflecting sur- 
face, the requirements for uniformity of 
dimensions in these prisms presented a 
rather difficult problem. Eventually, 
a remarkably easy solution to this prob- 
lem was found, by which the prisms 
could be manufactured at a compara- 
tively low cost and with extreme uni- 
formity. 

According to this method, the prisms 
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Fig. 8. Finished biock of 
60 reflecting prisms. 


blocks of 


were fabricated in 60, as 
illustrated in Fig. 8. From plates of an 
air-hardening alloy steel, 44 blocks 
were cut, each approximately 2) in. 
square and }-in. thick. The blocks 
were then divided into 22 pairs and 
next were heat-treated to 50 Rockwell 
C and ground all over. One entire 
surface of each block of a pair was then 
covered, by grinding, with V-grooves. 
The grooved surfaces of the two blocks 
were then cemented together, the grooves 
interlocking. ‘This assembly was then 
placed on a magnetic chuck, and the 
upper plate was removed by grinding 
until nothing was left of it except prisms 
of the desired cross section, but more 
than three times the desired length. 
Finally, four grinding cuts were made 
acCTOSss the the block and the 
imbedded prisms, to cut three prisms of 
the correct length from each long prism. 
After completion of the grinding 
operations, the entire surface of the 
block with the imbedded prisms was 
polished optically. vacuum-deposited 
layer of alurninum was then applied, 
and, finally, a protective layer of quartz. 
The finished prisms were then pried 
out of the matrix, with some aid by a 
solvent to loosen the adhesive. 
Assembly of the reflectors in 
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periphery of the spinning disk involved 
laying 50 of them in place at a time, 
then inserting an aluminum retaining 
sector at each end and securing with 
screws. 

Tests have shown, for the fsotran 
camera at Battelle, a resolution in the 
projected motion pictures of 20 lines/mm 
lengthwise of the film and 15 lines/mm 
crosswise. ‘The resolution in individual 
frames viewed as stills is slightly less. 

In the earlier form of the Isotran 
camera, the two mutuaily perpendicular 
reflecting surfaces used for image trans- 
port were two faces of a single glass 
prism. Reflection was internal, and 
the light rays travelled a distance of 
about 0.15 in. through glass. 

A difficulty was always encountered 
in obtaining glass prisms of this miniature 
type with a 90° angle between the re- 
flecting surfaces accurate to within 

+15 min. If this angle is not exactly 
90°, the Isotran camera produces not 
one image on a film frame but two 
superposed images. ‘The displacement 
between the superposed images is pro- 
portional to the error in the 90° angle, 
and to the distance between the focal 
plane of the primary image and the line 
of intersection of the two reflecting 
faces. Hence, if the focal plane could 
be made to contain the line of inter- 
section of the reflecting faces, the two 
superposed images would be identical 
on the film regardless of any small 
error in the 90° angle. However, as 
the reflected light beam passing to the 
first refocusing lens must be separated 
from the incident light beam proceeding 
from the objective lens, it is only possible 
to form the primary image in a focal 
plane tha. is pierced by the line of in- 
tersection of the two reflecting faces. 
Hence, the two superposed images on 
the film can be made identical over 
their entire area only if the 90° angle 
between reflecting faces is exact. 

With the arrangement in the 
Isotran camera, in which the 
reflecting faces are surfaces of inde- 
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pendent prisms, the 90° angle is fixed 
by centrifugal force at exactly the same 
value as the angle between the corre- 
sponding two surfaces in the notched 
retaining sectors. As these notches are 
all cut with the same tool, it has proved 
possible to maintain the 90° angle with 
a much greater precision than +15 
min. ‘The separation between the two 
superposed images on the film is thereby 
greatly reduced. 

In the older Isotran camera, 
reflecting prisms are carried on 
inner surface of a ledge, alongside 
photosensitive film. Light from the 
objective lens is reflected from the 
prisms directly across the rotating disk, 
through the two refocusing lenses, to 
the photosensitive film surface at the 
opposite side. With this arrangement, 
it is necessary that the prisms be set 
on the inner surface of the ledge with 
the lines of intersection of the mutually 
perpendicular reflecting surfaces at a 


the 
the 
the 


considerable angle to the axis of spin of 


the disk. The motion of the prisms 
through the light beam from the objec- 
tive lens includes a component of rota- 
tion about the optical axis of that lens. 
This rotational component of the prism 


motion imparts a rotation to the final 


image on the film. This aberration 
has been eliminated in the new Isotran 
camera by the mounting of the re- 
flectors on the outer periphery of the 
disk, with the lines of intersection of the 
mutually perpendicular reflecting sur- 
faces parallel to the axis of spin of the 
disk. 

In the older I[sotran 
moving prisms of triangular cross section, 
all rays of light pass through one glass-air 
surface of the prism twice in order to 
reach and to return from the reflecting 
surfaces. Upon each passage through 
this surface, part of the light is reflected 
and reaches the film to form a stationary 
final image, uncompensated for film 
movement. Consequently, highlights 
are sometimes recorded as longitudinal 
streaks across the film. This condition 


design, with 
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has been alleviated in the new Isotran 
design, in which no transmission through 
glass is involved in the image-transport 
mechanism at the outer periphery of 
the spinning disk. 

The cylindrical lens located near the 
plane of the primary image of the new 
Isotran camera reflects part of the light 
beam, just as do the surfaces of the 
moving prisms in the older design. 
However, this reflected light is not 
brought to such an undesirably sharp 
focus on the film, and for the most part 
it falls alongside the film rather than on 
the film. 


Mechanical Design 


The camera is 80 in. long, 32 in. 
wide, and 35 in. high. ‘The axis of the 
objective lens of the present optical 
system is in the same vertical plane as 
the axis of spin of the disk, and is inclined 
123° to the vertical. With an external 
mirror above the objective lens, the 
horizontal line of view is 38 in. above 
the floor. External connections are 
made to a 220-v, 3-phase, power source 
for driving the motor. Also, an elec- 
trical circuit is provided for tripping 
the shutter above the objective lens, 
which limits the overall time of operation 
to a single rotation of the disk. A 3-hp 
Stoc ks vacuum pump has proved very 
satisfactcry to the chamber 
to minimize windage losses. It provides 
a 25-in. vacuum within the housings for 
the rotating disk the hydraulic 
piston motor within a few seconds 

The spinning disk, machined from a 
forging of aluminum alloy, was designed 
for service up to 12,000 rpm, correspond- 
ing to 100,000 frames/sec. ‘The rough 
forged blank for this disk was supplied 
Ky the Aluminum Company of America. 
The material, 14S-T61, has a certified 
yield strength of 61,500 psi, with 12°; 
elongation. After forging, the blank 
received a primary heat treatment 
rough machining, a final heat treatment 
and finish machining. ‘The forging was 
checked by ultrasonics and found free 


evacuate 


and 
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from defects. ‘Two bands were left on 
the sides of the disk for removal of ma- 
terial to correct unbalance. These 
bands were not utilized, however, 
because balancing equipment sensitive 
to an unbalance of 0.1 oz-in. showed no 
sign of unbalance. 

The calculation of disk stresses was in 
accordance with the method outlined 
by Timoshenko. Computations started 
with the centrifugal force exerted by 
the prisms, and worked back toward 
the axis in six concentric bands. These 
calculations showed that the tangential 
stress at the bore, which was the maxi- 
mum stress, was 25,000 psi for a spin 
rate of 12,000 rpm. 

Two critical speeds were determined 
mathematically, at which forward or 
retrograde precessions should have rates 
identical with the rate of spin of the 
disk, The results indicated a critical 
speed for forward precession of 41,200 
rpm, and a critical speed for retrograde 
precession of 4165 rpm. Although the 
critical speed of 4165 rpm for retrograde 
precession is within the operating range 
of the camera, no difficulty has been 
encountered upon acceleration of the 
disk through this speed. No difficulty, 
in fact, was expected. 

The photosensitive film is held in 
proper position, on each side of the 
spinning disk, by a series of 50 aluminum 
pegs, one for each tenth perforation of 
the film. An overlap of several frames 
is allowed when the film is cut to proper 
length in the darkroom. The strip of 
film is brought to the camera coiled in 
a light-tight container, and is placed in 
the camera through handholes in the 
housing for the spinning disk. The 
disk is readily turned by hand as the 
film strip is fed through a handhole and 
pressed onto the pegs one at a time. 
The direction of loading is the same as 
that of operation, so that the trailing 
end of the film overlaps the leading end. 
Centrifugal force ensures that the emul- 
sion is in the focal plane during exposure. 

The disk is mounted on the over- 
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hanging end of a 2-in. shaft. It is 
pressed onto a taper, is secured by two 
nuts, and is driven by a face-type key. 
The shaft rotates in a pair of Class 7 
precision ball bearings. The preload 
in these matched bearings is produced 
by clamping with inner and outer 
spacers of identical length. Service is 
so intermittent that no heating problem 
is involved. Adequate lubrication is 
provided by three drops of high-speed 
bearing oil inserted into the vacuum- 
tight oil tube each morning. Labyrinth 
seals prevent passage of oil into the 
housing of the spinning disk. 

Ground helical gears are used be- 
tween the hydraulic piston motor and 
the shaft of the spinning disk, and be- 
tween that shaft and that of the tachom- 
eter generator. 

The housing for the hydraulic piston 
motor and the tachometer generator 
was fabricated of Meehanite castings. 
It is vacuum-tight and is pierced by the 
hydraulic lines, electrical leads for the 
tachometer, an access plug for lubricat- 
ing the tachometer, and a tube for 
insertion of gear grease. The housing 
for the spinning disk and its cover were 
cast of an alloy steel with a yield strength 
of 100,000 psi. Alignment of the 
bearing housing and of the optical 
mounting pads at the periphery of this 
housing is ensured by five deep ribs. 
The peripheral surface of the housing 
is 1 in. thick, to provide some protection 
against possible failure of the disk. All 
of the optical components excepting 
those on the spinning disk are mounted 
in the housing or upon brackets attached 
to the housing. The cover of the 
housing of the spinning disk will serve 
as the principal support for the second 
optical system. 

Meehanite castings form the brackets 
for mounting of the mirrors in the 
optical systems. The top bridge sup- 
ports the focusing mount for the objective 
lens, the external mirror for horizontal 
viewing, and, on its underside, the 
mirror located in the optical path from 


¢ 


the moving pairs of reflectors on the 
spinning disk to the first refocusing lens. 
The side bridge carries the three mirrors 
located in the optical path between the 
two refocusing lenses. The three mirrors 
supported by the side bridge can be 
moved in a direction parallel to the axes 
of the two refocusing lenses by adding 
or removing spacer blocks between the 
the Side plates 
form light-tight covers for the optical 


bridge and housing. 
system. 

The lower two mirrors mounted on 
the side bridge must be adjustable to a 
90° great accuracy. The 
mounting of only one of these mirrors 
is attached directly to the side bridge. 
The other mounting is hinged to the 
first, and is positioned by a differential 
providing an exceedingly fine 
adjustment. A simple optical check, 
without the need of any optical instru- 
ments but the human eye, permits the 


angle with 


screw, 


fine adjustment needed. 

The mounting the 
focusing lens is somewhat complicated 
by the need of incorporating the final 
mirror of the system, and the cylindrical 
lens near the film. 

As the angular velocity of the spinning 
disk is very constant during the period 
of one rotation during which photographs 
are exposed, no provision is needed for 
establishment of repetition rate on the 
photosensitive film itself. 
the tachometer, recorded at the time 
the photographs are exposed, is satis- 
factory. However, a special spark plug, 
not indicated in the figures, has been built 
into the camera housing for establishment 
of chronological identity between one or 
more frames of the high-speed pictures 
and corresponding datum points in 
other records, such as a photograph of a 
cathode-ray trace. 

The design conditions imposed severe 


for second re- 


requirements upon the drive for the 
spinning disk, involving a top speed of 
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A reading of 


12,000 rpm, a reasonably short accelera- 
tion period for the 50-lb disk, an effective 
means of braking, and the need for 
smooth acceleration and deceleration 
throughout. An estimate of the power 
required to drive the disk in air yielded 
a prohibitive value of 40 hp. Operation 
of the disk with at least a partial vacuum 
therefore appeared  mecessary. No 
encouragement was received from the 
manufacturers of the trans- 
mission of power through the rotating 
shaft from atmosphere into the evacuated 
chamber. Although the use of a high- 
frequency synchronous motor within 
the evacuated space, cooled by circulat- 
ing water, showed promise, this solution 
was considered somewhat too 
developmental. 

Finally a hydraulic system was chosen, 
to be supplied by Vickers, Inc. ‘This 
system is standard, with the exception 
of the use of a needle valve in the dis- 
charge line of the hydraulic piston motor 

braking. The 10-hp 
drives a_ constant-de- 
livery vane pump. Both motor and 
pump are mounted on a 30-gal reservoir. 
A pressure-relief valve in the line from 


seals for 


to be 


as a means of 


electric motor 


the vane pump to piston motor is set at 
1,000 psi. ‘The flow-control valve pro- 
vides a satisfactory flow rate of fluid, 
regardless of load. ‘The hydraulic piston 
pump, 5 in. in diameter, is rated at 5 
hp at 3600 rpm. 

In operation, the electric motor is 
started and the flow-control valve is 
set for a flow rate corresponding to the 
desired spin velocity of the disk. ‘The 
pressure gauge in the line between vane 
pump and piston motor verifies the 
establishment of driving pressure and 
the cutoff of driving pressure when 
operating speed is reached. ‘The camera 
disk accelerates with this arrangement 
to 6,000 rpm in 3 min., with a 25-in, 
vacuum in the chamber. Deceleration 
time from 6,000 rpm is also about 3 min. 
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Fig. 9. Schlieren photographs of combustion of natural gas in cylinder of Cooper- 
Bessemer GMV engine, exposed at 20,000 frames/sec. Order of exposure is from 1 
to 20, through Row A, then through Row B, and soon. The igniting spark occurred 
at unrecorded time at the position shown by Sin frame A-3. First visible flame appears 
as dark area in vicinity of ignition spark at about frame C-4, and is clearly visible at 
F in frame E-3. Flame traverses chamber and disappears throughout remaining 
frames of series. 
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RESEARCH APPLICATIONS 


The new Isotran camera has been 
used at rates up to 50,000 frames sec in 
a study of scavenging, turbulence, fuel 
injection, combustion, and exhaust blow- 
down in a cylinder of a GMV engine 
manufactured by ‘The Cooper-Bessemer 
Corporation, ‘This spark-ignited engine 
is of the two-stroke-cycle type, and uses 
natural gas as a fuel. ‘The bore and 
stroke are each 14 in. The engine, 
most often built in 10-cylinder V_ ar- 
rangement of approximately 1100 hp, 
is in widespread use for the pumping of 
natural gas through distribution pipe- 
lines. All of the processes enumerated 
have been made visible by the schlieren 
method in the high-speed photographs. 
The photographs have given Cooper- 
Bessemer valuable information 
cerning these phenomena, and have in 
general verified conclusions previously 
reached on other bases and used as 
design data. The high-speed photo- 
graphs taken in this study over a period 
of two years are the first known of 
phenomena occurring within engine 


con- 


cylinders of comparable size. 
Figure 9 is a reproduction of a high- 
speed motion picture of combustion in 


the GMV engine, exposed by the 
schlieren method at 20,000 frames sec. 
These photographs are reproduced here, 
in preference to those taken at 50,000 
frames/sec, because the speed of the 
phenomena observed does not justify 
the higher repetition rate. 

For the photographs of Fig. 9, the 
position of the igniting spark was placed 
within the field of view, so that ignition 
lag could be determined. ‘The position 
of the igniting spark, at the apparent 
intersection of the wire electrodes, is 
designated by the letier S in frame A-3. 

The order of exposure of the frames of 
Fig. 9 is trom left to right through 
Row A, then trom left to right through 
Row B, and so on. The three round 
black spots appearing in most frames are 
the heads of three cap screws holding a 
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mirror to the top of the piston. ‘The 
diameter of this mirror, located near the 
edge of the 14-in. piston, is 2} in. A 
glass window of the same diameter, 
mounted in the cylinder head, permits 
the schlieren view into the combustion 
chamber. 

Flame first becomes visible as a small 
dark cloud in the vicinity of the igniting 
spark at about frame C-4. Throughout 
the remaining frames of Row C, all 
frames of Rows D to G, and the first 
five or six frames of Row H, the flame 
travels across the entire visible part of 
the combustion chamber. During the 
remaining frames of Row H and _ the 
early frames of Row I the flame burns 
itself out in all visible parts of the 
chamber. ‘The mottled appearance of 
the frames in Rows A and B, and in 
Rows J and K, is due to stratification 
of scavenging air, residual gas from the 
previous combustion cycle, and injected 
gaseous fuel. In the projected motion 
pictures, movements of these strati- 
fications are plainly visible. 

Besides its use in the study of phe- 
nomena in the cylinder of the Cooper- 
Bessemer GMV engine, the new Isotran 
camera is being used in a study of the 
fundamental physical nature of knock 
in a spark-ignited piston engine burning 
various of liquid hydrocarbon. 
This project is sponsored cooperatively 
through the Coordinating Research 
Council, Inc., with financial support 
by the automotive, aircraft and oil 
industries, and by the Bureau of Aero- 
nautics, Department of the Navy. 
Photographs taken on this project are 
not yet available for publication. 

The new Isotran camera is available 


types 


for additione] research projects, which 
might be industry or 
Government, several of which may run 
Most combustion phe- 


sponsored — by 


concurrently, 
nomena, exclusive ofexplosions, fall within 
a speed range for which this camera is 
best suited. Most large-scale move- 
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ments of mechanical objects can be 
studied with lower repetition rates. 
However, the new Isotran camera is 
expected to have many applications in 
the study of movements of miniature 
mechanical parts. An inverse relation 
only now becoming recognized is the 
existing between the size of a 
physical object and the repetition rate 
needed to clarify its movements at a 
given velocity. Even when moderate 
linear speeds are involved, repetition 
rates are needed in the range for which 
the new Isotran camera was designed 
in the study of phenomena such as the 
formation of chips by a cutting tool, the 
cutting action of an abrasive particle, 
the motion through air of droplets of 
liquid, the action of the breach mech- 
anism of a small gun, the operation 
of miniature high-speed gears and ball 
bearings, the spinning or drawing of 
fine artificial fibers, and the transference 
of ink or other material from the surface 
of a high-speed roller. ‘The new Isotran 
camera offers the possibility of studying 
these largely uninvestigated phenomena, 
and offers for this purpose resolution 
adequate for most needs. The camera, 
however, is not intended to be competi- 
tive with those commercially available 
for use in the speed range now covered 
by them. 


one 
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Discussion 


Carlos Elmer ( Naval Ordnance Test Station, 
China Lake, Calif., and Chairman of the 
Session): Can these photographs be printed 
in motion picture form? 

Mr. Miller: The photographs are ready 
for projection as a motion picture as they 
come from the developer after removal 
from the camera, and they project very 
steadily on the screen. 

Anon: How is the film taken up from 
the drum onto the spool? 

Mr. Miller: ‘The film is placed in one 
continuous strip around the inside of the 
ledge on the side of the drum. We take 
photographs only for the time required 
for one complete turn of the drum. The 
drum is brought up to speed; then a 
shutter at the objective lens is opened. 
The shutter stays open for approximately 
the time required for one complete turn 
of the drum. The film is placed in the 
camera by hand, through the handhole, 
and is held in accurate position by pegs 
in the ledge of the drum, one peg for every 
ten perforations of the film. 

Earl A. Quinn (Eastman Kodak Co., Roch- 
ester, N.Y.): It appeared to me from 
your drawings that the film was on the 
opposite side from the prisms. Is_ that 
true? I understood you to say it was on 
the same side. 

Mr. Miller: Yes and no. In the earlier 
form of the camera, in the laboratories of 
the National Advisory Committee — for 
Aeronautics, the prisms and the film were 
both on the inside of the drum, and the 
light went across the drum in passing from 
the prisms to the film. However, in the 
form of the camera I have described here. 
the film is on the inside of the drum and 
the prisms are on the outside. Instead 
of passing across from one side of the drum 
to the other, the light follows a circuitous 
path, from the prisms on the outside of the 
drum to the film on the inside, but with 
the same angular position for prisms and 
film as measured around the periphery 
of the drum. 
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Photographic Instrumentation in 
the Study of Explosive Reactions 


By MORTON SULTANOFF 


A brief description of explosive reactions is presented to acquaint the reader 
with the problems which arise in the study of explosions by photographic 
techniques. Optical and electronic equipment, designed to produce exposure 
times approaching 10~° sec, is discussed from the standpoint of light-gathering 
power, exposure time and cost. Three basic types of cameras (streak, single 
short-duration exposure, and very-high-speed motion picture) are described, 
and examples of typical photographs are presented. 


APPLICATION Of photography to 
the study of explosive reactions is a 
natural consequence of the high lumi- 
nosity which accompanies these reac- 
tions. Three problems of paramount 
importance, with which most other 
photographic studies are not concerned, 
dictate the techniques, equipment, and 
materials employed in the photographic 
studies of explosions. 

First, protection from the blast and 
flying fragments and debris must be 
afforded for both the equipment and 
personnel. Great distances can be used 
to separate the explosion safely from 
the recording equipment. However, all 
the work described in this paper was 
accomplished in a blast chamber built 
directly into an optical Jaboratorg, and 
Presented on October 8, 1952, at the 
Society’s Convention at Washington, D.C., 
by Morton Sultanoff, Ballistic Research 
Laboratories, ‘Terminal Ballistics Lab., 
Aberdeen Proving Ground, Md. 


so disposed as to afford adequate pro- 
tection from explosive charges as large 
as 8 |b at distances as close as 3 ft. 

The very high speeds of the events 
which accompany explosive reactions 
make it essential that the exposure times 
of any photographic recordings do not 
exceed 1/1,000,000 of a second, a unit 
of time which is generally called a 
microsecond. ‘To date, the problem of 
short exposure times has been solved 
only by making necessary compromises 
as described in later parts of this paper. 

Even after the first two problems have 
been solved and successful photographs 
of explosions have been obtained, the 
researcher in this field is faced with the 
task of interpreting the photograph. 
Although much has been learned about 
the identity of the luminosity by past 
investigators,! there is still uncertainty 
as to the source of radiation in the 
photographically recorded spectrum in 
many phases of the explosion. 
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In the interest of brevity this paper 
is restricted to those phases of the explo- 
sion which involve the detonation of an 
uncased explosive charge and the shock 
which is observed in the immediate 
vicinity of that charge. The equipment 
and techniques discussed are those with 
which the author is familiar and those 
which, in his opinion, are applicable 
to the studies covered in this paper. 
Because of the requirements of military 
security there are many omissions of 
material and credits to other investi- 
gators engaged in similar work. 
Explosives and Explosive Reactions 

An explosive substance is one which, 
when subjected to the proper initiating 
conditions, undergoes a rapid chemical 
transformation to form more stable 
substances which are mostly gaseous 
and which have a combined volume 
(under normal atmospheric conditions) 
tremendously larger than that of the 
original substance. ‘The chemical re- 
action is usually accompanied with 
temperatures in the range of 3500 K 
and pressures of several million pounds 
per square inch. ‘The progress of the 
reaction or detonation front) through 
the explosive is regular and well ordered. 
The detonation front moves with a 
speed of about 25,000 fps (feet per 
second), with the exact speed depending 
on the composition and density of the 
explosive. 

Large volumes of gas are liberated 
by the detonating charge in such a 
short interval of time that a rapidly 
moving surface of discontinuity, across 
which there is an abrupt change of 
pressure and temperature, is formed in 
the air which surrounds an uncased 
charge. The velocity of this “‘shock 
front” is initially even higher than the 
detonation rate in the explosive (about 
30 times the speed of sound in air), but 
it decays initially very rapidly. As the 
shock velocity approaches the velocity 
of sound the decay rate becomes very 
gradual. It is this shock which inflicts 
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the blast damage common to explosions. 

A special application of explosives 
based on the ‘Munroe Effect” (shaped 
charge) which involves the “focusing” 
of the explosive forces, and which is 
especially effective in the penetration 
of tank armor, has been described 
recently in many unclassified papers." 
Since several photographic studies dis- 
cussed in this paper involve the shaped 
charge, it should be noted that when a 
eviindrical stick of explosive with a 
conical metal liner in one end is initiated 
at the opposite end, the detonation 
wave which passes over the metal cone 
causes it to collapse rapidly, and a 
“jet” of small metallic particles streams 
out at very high velocity. This jet 
can penetrate to amazing depths in 
common metals and, employing this 
eflect, relatively small explosive charges 
have been used to produce holes through 
the walls of tanks. 


Photographic Instrumentation 


Comparison of Basic Types of Instruments 
for Photographing Explosions. Streak re- 
cording is the most common form olf 
photography employed in the study of 
explosive reactions. ‘This type of record- 
ing produces a plot of distance vs. time 
on a single strip of film by the relative 
motion of a narrow transverse slit along 
the film. Rotating mirrors and rotating 
drums have been used to produce the 
motion of the slit with respect to the 
film, and image speeds as high as 10,000 
fps, which produce exposure times as 
short as 1078 sec are readily obtainable 
with relatively simple equipment which 
can be fabricated at a reasonable cost in 
the average research laboratory. ‘This 
type of recording has a serious short- 
coming in that only the action which 
takes place in view of the narrow slit 
is recorded. ‘The streak camera is blind 
to the events which occur out of the 
plane of vision of the slit. 

Single exposures of explosive events 
have been obtained with ordinary pres- 
sor professional-type sheet-film cameras 
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Fig. 1. Schematic diagram of the formation of the streak image 
in the rotating-mirror camera. 
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by replacing or supplementing — the 
standard mechanical shutters by elec- 
tronic shutters which have no moving 
The most widely 
obtain submicrosecond 
exposures involves the interference of 
polarized light. This type of shutter 
is generally expensive, and competent 
electronics personnel are required to 
design, build and operate it. The major 
shortcoming of this equipment is that 
only a single exposure can be obtained 
with each shutter. To obtain data in 
the study of explosives, it is therefore 
necessary to have a whole battery of 
cameras or to fire large quantities of 
like charges and get a single exposure 
from each, timed at a different instant 
after firing. 

The most desirable, but by far the 
most complex and costly of the cameras 
employed in the study of explosives are 
motion picture cameras which can be 
used at rates from 100,000 to 100,000,000 
frames/sec with the exposure times of 
the fastest cameras approaching 10 ¢ 
sec. Cameras operating in this speed 
range are usually designed for specific 


parts. equipment 


used to single 
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performance characteristics at the 
expense of other desirable, but 
essential, characteristics. 

Table Lis a summary of the equipment 
discussed above and includes the specific 
cameras now in use at the Terminal 
Ballistic Laboratory, described in the 
following paragraphs. 


less 


Streak-Camera (Bowen RC-3  Rotating- 
Muror). The earliest type of camera 
used successfully in the study of high- 
speed transient phenomena,‘ and perhaps 
the most widely used today in the study 
of detonation and shock rates, is the 
streak-camera. The photographs ob- 
tained with this camera are records of 
distance as a function of time, and 
therefore differ from standard photo- 
graphs, which are essentially records of 
space taken at a fixed time. 

The essential feature of the streak- 
camera is a method of producing rela- 
tive motion of a slit along the film plane. 
Rotating-drums rotating-mirrors 
have been used to produce the relative 
motion of the slit along the film, and the 
rotating-mirror has proved to be the 
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Fig. 2. Rotating-mirror camera records: a. rate record of shock to show chang- 
ing velocity; b. end-view record to show curved front by nonsimultaneous 
emergence; and c. profile record to show curved front. 
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superior of these two methods. 
discussion 


The 
describes the 
formation and motion of the image in 
the Bowen RC-3 rotating-mirror streak- 
camera.‘ 


which follows 


In all streak-cameras the event (or an 
optical image of the event) takes place 
at the slit. In Fig. 1 an image of the 
slit is formed on the film plane by the 
lens after reflection from the rotating 
mirror. A cylindrical stick of explosive, 
located on the slit and initiated at the 
end as shown in Fig. 1, will light the slit 
at the detonation front I», and an image 
of the lighted portion will be formed 
by the ray Ro on the film plane at Io. 
At some later time the detonation front 
will have moved along the slit and 
reached a position in the charge indicated 
by 1;. In this period of time the rotating 
mirror will have moved through an 
angle a, and by a simple geometric 
construction it can be seen that the 
position of the lighted portion of the 
image of the slit will fall at I’). By 
similar construction a Continuous series 
of points can be located along the film 
plane, and the streak “S’ will be 
formed. Since the axis of the motion 
along the film represents time and the 
motion along the slit represents distance, 
the slope of “S” is velocity when the 
proper scale-distance and scale-time are 
employed in the measurement of that 
slope. By the same type of geometrical 
construction it can be shown that if 
velocity varies along the slit the streak 
will be curved (Fig. 2a). These velocity 
recordings are commonly referred to as 
“rate”? records. 

If the axis of a stick of explosive is 
perpendicular to the slit, and the stick 
is initiated at one end, the “profile” of 
the front will be recorded as shown for 
the curved front in Fig. 2c. End-view 
emergence records are also obtainable 
with the rotating-mirror streak-camera 
with the slit oriented as shown in Fig. 
2b. The choice of which of these two 
types of recordings is best suited to a 
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parucular “profile”? study depends on 
the waveshape and data required. 

This simplified explanation of the 
operation of the Bowen RC-3 rotating- 
mirror streak-camera does not include 
a discussion of such details as the actual 
shape of the focal plane which is gener- 
ated by reflection from the octagonal 
mirror which is not rotating around its 
face. ‘That analysis has previously been 
published. Synchronization of the 
event with the position of the mirror, 
although not essential in the Bowen 
RC-3 camera, was accomplished as 
shown in Fig. 3 and as previously de- 
scribed." This synchronization was 
found to be extremely effective in 
improving the quality of the records of 
detonating charges. 

The rotating-mirror streak-camera is 
a powerful tool for the determination of 
velocity in explosive research, but 
caution must be taken in extrapolating 
information from the slit to other por- 
tions of the charge to which the camera 
is blind. For most explosive studies 
the low effective aperture of this type 
of camera is no handicap. High writing 
speeds are obtained with simple me- 
chanical systems by employing a long 
optical arm. 

In the Bowen camera the image speed 
along the film will resolve time to the 
accuracy required in the study of explo- 
sive velocities. However, the actual 
instantaneous shape of the detonation 
front, the air shock associated with it, 
and the change in shape of the detona- 
tion and shock fronts as the explosion 
progresses are not recorded by the 
streak-camera, 


Single-Exposure High-Speed Shutter (Rapa- 
trentc). 4-usec Rapatronic Shutter,$ 
which embodies the Faraday magneto- 
optic effect, was successfully perfected 
by the firm of Edgerton, Germeshausen 
and Grier of Boston. Dr. H. E. Edger- 
ton, in his many visits to our laboratory, 
expressed interest in the problems 


associated with the study of explosive 
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4. 


Polarizing 


a 
| 
Source First | 


Glass slug 
Pulsing coil 


Polarizer E(impressed voltage ) 


reactions, and the experimental 1-ysec 
Faraday shutter was developed and 
loaned to our laboratory to be used in 
the study of explosives. An analysis 
of the applicability of that shutter to 
explosive studies has been made.** 

In 1845 Faraday noted that a block 
of glass in a strong magnetic field dis- 
played optical activity. Further, he 
observed that when a beam of plane- 
polarized light passed through the glass 
parallel to the lines of force in’ the 
magnetic field the plane of polarization 
was rotated in accordance with: 


where: 

@ is the angle of rotation in minutes of 
arc; 

V is the Verdet constant in minutes of 
arc/Gauss/em (0.064 for the sodium 
5893 A line); 

H is the field strength in Gauss; and 

/ is the length of the path through the 
field in cm. 


The application of this effect to the 
magnetooptic shutter is shown in Fig. 4. 
The rays from the light source, L, are 


direction D> with 


the 


propagating in 
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Fig. 4. Diagrammatic presentation of the principle of the Faraday shutter. 
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random vibration. ‘The polarizing 
screen Po passes only the components of 
vibration shown. After the beam of 
plane-polarized light passes through the 
glass slug, which is normally optically 
isotropic, it is stopped by the polarizing 
analyzer Px whose axis is perpendicular 
to the original polarizer Po. However, 
when a high-voltage pulse E is sent 
through the coil of wire which is wrapped 
around the glass slug, a rotation of the 
plane of polarization of the beam from 
Py results (Faraday effect) so that the 
analyzer P, is no longer perpendicular 
to the plane of vibration incident upon 
it. The components of the rotated 
beam Pom in Py pass through to the 
The duration of the pulse E 
therefore controls the duration of the 
passage of light through the analyzer 
P, to the camera. 

The main units of the Faraday shutter 
It is essential that 


camera. 


can be seen in Fig. 5. 
the opening of the shutter be synchro- 
nized with the event so that a study may 
be made of an explosive reaction at any 
desired To accomplish — this 
synchronization to within 1 the 
Rapatronic shutter is supplied with a 


instant. 
usec 


Camera 
D 
analyzer P, 
R 
= 


Shutter 
“pulsing” coil 


Glass slug 


Second 
8.3/4" BAL Tihs polarizing 
Protar tens ’ filter 


First 


polarizing 
filter 


Stondard 5” comera 


Faraday shutter, 
and lens 
assembly 


Discharge condenser 
ond trigger gap 


Fig. 5. Faraday shutter: top, lens and slug; bottom, assembled 
shutter in 4 X 5 in. camera. 
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Fig. 6. ‘‘Static’’ single exposure of spherical charge 
in firing position to show line structure. 


photoelectric pickup which receives a 
signal from the first light radiated from 
the event. This then fed 
through a variable time delay which 
pulses the shutter at any selected time 
after the first burst of light. 

A large amount of light is lost in this 
shutter through polarization and ab- 
sorption in the glass slug. The physical 
size of the slug further reduces the 
aperture of the system. This light loss is 
tolerable since the luminosity of most 
explosive phenomena is very high. 

The Faraday unit is highly portable, 
simple to operate, and has given con- 
tinuous trouble-free service. In_ these 


signal is 


respects it is superior to similar 1-usec 
Kerr cell shutters which operate on the 
principle of birefringence displayed by 
nitrobenzene under an impressed electro- 
static field. 


High-Speed Motion Pictures (Grid Fram- 


ing Camera). ultra-high-speed 
camera, which was developed specifi- 
cally for use in the study of explosives, 
has been described in considerable detail 
in an earlier Journal.6 However, as a 
matter of review, the principle of 
multislit focal-plane scanning? on which 
this camera is based is described below. 
An image of the event to be studied 
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Fig. 7. Schematic diagram of the optical system of the 
100,000,000 frame/sec camera. 


is formed through the multislit focal- 
plane shutter which is in intimate con- 
tact (optically) with the photographic 
emulsion. The parallel slits in this 
shutter are 0.0002 in. wide and are 
separated by opaque spaces of 0.020 in, 
A single exposure of a spherical explosive 
charge taken through this shutter is 
shown in Fig. 6. It should be noted 
that this picture resembles the image on 
a television screen in that it covers the 
full picture size, but only a fraction of 
the total area is involved in the image 
formation (1% for the shutter described 
above). If the shutter is now moved 
one slit width the first exposed image is 
completely covered and unexposed film, 
on which a second picture can be 
formed, is uncovered by the narrow slits. 
One hundred independent exposures can 
be formed with only 0.020 in. of motion 
of the shutter described. 

In order to photograph an event at 
the rate of 100,000,000 frames/sec the 
shutter is required to move 20,000 
in. sec. Since it is not feasible to move 
the shutter mechanically at this speed 
and sull hold it in intimate contact with 
the film, as required to overcome the 
deleterious effects of optical diffraction, 
a rotating-mirror system as shown in 
Fig. 7 wasemployed. With this arrange- 
ment a 20-in. optical arm and a mirror 
velocity of approximately 100 rps pro- 
duces 100,000,000 frames/sec. An ac- 
curate 1:1 image of the grid is formed 
at the film plane so that when the com- 
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SINGLE INSCRAMBLED FRAME 


Fig. 8. Exposed plate of shock from 
pentolite sphere taken with the ultra- 
high-speed camera showing complete 
exposure and selected single frame. 


plete record of superposed images is 
obtained with this camera a single frame 
can be selected by the proper placement 
of the miultislit shutter back the 
exposed plate as shown in Fig. 8. 


on 
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Fig. 10. Devices for analyzing ultra-high-speed camera records: 
top, single-frame selector; bottom, motorized motion picture viewer. 
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This camera exhibits a very low light- 
gathering power and has a total run of 
only 100 independent frames. At the 
speed of 100,000,000 frames sec a 
I-ysec run will expose the entire film 
area. It should be noted, however, 
that the events remain luminous for a 
considerably longer time than 1 usec, 
and repeated exposures are formed on 
each frame. The usefulness of this 
multiple exposure can be seen in Fig. 8, 
where about six images of the shock, 
each at 100-frame intervals, are ap- 
parent. A direct measure of velocity 
can be made from each independent 
frame, thus overcoming the errors which 
result from measurements that depend 
on data obtained from successive frames. 


Results of Photographic Studies 
of Explosive Mechanisms 


Detonation of Square Stick of Pentolite. 
The advantage of using all three types 
of basic cameras already described is 
displayed in Fig. 9. The photographs 
presented are of the reactions from a 
square stick of the standard explosive, 
pentolite. From the  rotating-mirror 
streak-camera record the investigator 
can only obtain values for the velocities 
of the detonation frout and the shock 
moving away from the end of the stick. 
Geometrical shapes of the explosive 
mechanisms are lost, and nothing can 
be accurately inferred about the action 
taking place in any part of the charge 
other than along the line which is in 
view of the camera slit. 

The Faraday shutter exposures (Fig. 
9c) show both side and end views of 
the detonating charge and reveal the 
shape of the luminous fronts and other 
luminous effects. However, only those 
events occurring at the instant of 
exposure are recorded, These pictures 
add a qualitative understanding to the 
quantitative data obtained with the 
streak-camera. 

The 100,000,000-frames/sec camera 
record shown presents a continuous 
study of the shape of the shock from the 
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charge. Here continuous corre- 
lated qualitative and quantitative data 
are obtained by studying the exposed 
plate played back as a motion picture, 
or by single frame, and frame-to-frame 
Ineasurements in the viewers shown in 
Fig. 10. 

‘The accuracy of the velocities obtained 
are not as high with the ultra-high-speed 
camera as with the streak-camera, but 
knowledge is extended to include the 
whole charge. The quality of the 
exposure and therefore the discernible 
details in the ultra-high-speed camera 
picture are not as good as that of the 
Faraday shutter, but continuous studies 
must be obtained if information concern- 
ing the shapes of the explosive processes 
which change with time is to be studied. 


Shock From Pentolite Hemispheres and 
Spheres. Figures 11A and 11B compare 
typical records from the three types of 
basic cameras. As with the square 
stick, each camera resolves those features 
for which it was intended, and a study by 
all three of the cameras employed at the 
Terminal Ballistic Laboratory is required 
to make an adequate analysis of the 
mechanisms associated with the detona- 
tion of a hemispherically shaped charge 
of pentolite. Each picture in the series 
of Faraday exposures was obtained from 
a separate charge with the shutter 
openings timed at the intervals shown. 

An extension of the streak-camera 
technique to include backlighted spheri- 
cal charges is shown in Fig. 12. 


Shaped (Munroe Effect) Charge. A com- 
plete understanding of the collapse of 
the cone, the formation of the jet, and 
the penetration of the target materials 
by the shaped charge has eluded the 
investigator in this field. A great deal 
has been learned about these mechanisms 
from photographic studies. The appli- 
cation of the three basic types of cameras 
ta the study of shaped charges has resulted 
in the photographs shown in Fig. 13. 
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Fig. 11A. Comparison of photographs of an exploding hemispherical charge 
taken with three ‘‘basic’’ types of cameras: a. rotating-mirror streak-camera; b. 
ultra-high-speed motion picture camera; and c. single-exposure Faraday camera. 
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Detonation front 
Shock from 
collapsing cone 


Shock from 
end of charge 


First appeorance 
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Direct photograph 
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Multiple exposure 
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Fig. 13. Shaped charge photographs obtained with the three ‘‘basic’’ types of 
cameras: a. streak-camera; b. single Faraday shutter exposure; and c. ultra-high- 


speed camera record. 


In these studies it was noted that 
many of the events are not self-luminous. 
A source of backlighting was introduced, 
and by employing a semishadow tech- 
nique the photographs shown in Figs. 
13b and 14 were produced. 


Summary 
The material presented in this paper 
has been kept brief intentionally. How- 


ever, it is felt that sufficient reference 
is given to other publications to assist 
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in a further study of the subject of photo- 
graphic instrumentation in the field of 
explosives. 
Synchronization 
cameras is of considerable importance 


of the various 
in many of these studies. This subject 
has been dealt with more completely 
in Ref. 8, which also contains a thorough 
study of the backlighting techniques 
which were developed at this Laboratory 
and which are mentioned briefly in 
this report. 
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Fig. 14. Backlighted 1-usec Faraday shutter exposure of target 
penetration by shaped charge jet. 


In carrying out photographic stu lies 
reactions extreme caution 
is essential in the interpretation of the 
results obtained with any one type of 
Employing the three types of 
described in this report, the 
identity and nature 


of explosive 


camera. 
cameras 
certainty as to the 
of the explosive events is increased, but 
rigor cannot yet be as- 
signed to theories which have 
postulated on photographic studies alone. 

Past British work in this field is out- 


real scientific 
been 
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standing, and in many cases is ahead 
of our work. The image 
(Table I, d. and m.) which is probably 
the most versatile and powerful single 
tool for the studies of detonation and 
shock is a good example of recent British 
development. 

With each phase in the study of the 
researcher is 


converter 


physics of explosions the 
faced with new problems and a require- 
for almost “‘fantastic’’ recording 
It appears that the only 


ment 
instruments. 
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original — 
4 


limit imposed on speed, exposure time 
and light-gathering power of very- 
high-speed cameras is the imagination 


of the investigator. A brief survey of 


the references listed below the chart in 
Table I will make it obvious that this 
limit has proved to be only a minor 
handicap pushing toward better 
cameras for the study of explosives. 
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Television Camera Equipment 
of Advanced Design 


By L. L. POURCIAU 


The servo circuits and mechanical design features of a television camera chain 


are described. The chain, in order to achieve flexibility and ease of opera- 


tion, features remote control of lens selection and focus. 
tional controls are grouped together for operating convenience. 


Centralized func- 
The equip- 


ment is compact, light in weight and sturdy for field use, yet meets the high 


is THE CouRSE of design of the camera 
chain and associated equipment to be 
described, major emphasis was placed on 
producing a set of equipment which 
would allow the television broadcaster 
to present to the viewer a picture of the 
highest quality at the lowest possible 
operating cost and would require a 
minimum of operator skill. 

Toward this end considerable atten- 
tion was given to functional design con- 
siderations. Controls were divided into 
functional groupings and placed accord- 
ingly. Control functions were stabilized 
to minimize the need for operator atten- 
tion during programming, and probably 
most important, control over lens aper- 
ture was brought to the camera control 
unit. In addition, provision has been 


Presented on October 6, 1952, at the 
Society’s Convention at Washington, D.C., 
by L. L. Pourciau, General Precision 
Laboratory Inc., Pleasantville, N.Y. The 


substance of this paper was also presented 
orally at the 6th Annual NARTB Confer- 
ence, Chicago, 1952. 
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performance standards required in the studio. 


made for remote control of lens turret 


and optical focus, allowing cameras to be 
employed in positions where operation by 
a camerman is impossible or impractical. 

The equipment to be described is 
illustrated in Fig. 1. At the upper left 
is the camera; below, from left to right, 
are the camera chain power supply, 
master monitor, camera control unit, 
video switcher, and synchronizing signal 
generator. 

Some of the most interesting and novel 
features are to be found in the camera. 
Physically, it consists of a main frame 
plus a number of subassemblies, as 
shown in Fig. 2. The subassemblies 
may be removed for replacement or re- 
pair in a matter of minutes. 

Figure 3 is a block diagram of the 
camera. Neglecting the viewfinder for 
the moment, it may be seen that the 
camera contains the image-orthicon 
horizontal-sweep circuit, a sweep-loss 
protection circuit, a regulator for the 
focus-coil current, a pulse-type supply 
for the multiplier and image sections, 


February 1953 Journal of the SMPTE Vol. 60 


‘ 


Fig. 1. Camera chain (camera, power supply, master monitor, control unit, video 
switcher and synchronizing pulse generator ). 


Fig. 2. Camera main frame and subassemblies. 
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and a servomechanism for optical focus 
control. In addition, there is a drive 
motor for the lens turret with the associ- 
ated actuating pushbuttons and control 
microswitches and the iris drive mecha- 
nism, 

The image-orthicon horizontal-sweep 
circuit is a conventional circuit with re- 
finements allowing linearity of better 
than +1% to be obtained. The sweep 
feed to the deflection yoke is balanced to 
reduce radiation of the flyback pulse. 
Pulses taken directly from the horizontal 
and vertical deflection coils serve to 
actuate a protection circuit which biases 
off the image orthicon in the event of 
failure of either or both sweeps. These 
sarne pulses are amplified and mixed to 
form the target-blanking waveform. 

The focus-coil current regulator acts 
to keep the current in the image-orthicon 
focus coil constant within 0.1% for a 10% 
change in coil resistance. This serves to 
prevent drifts in focus, sweep size, etc., 
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Fig. 3. Camera block diagram. 
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which might otherwise occur. <A circuit 
diagram of this current regulator is 
shown in Fig. 4. 

The current the focus coil is 
measured by means of the 100-ohm re- 
sistor in series with the coil. A change 
in current through the coil causes a 
corresponding change in voltage drop 
across this resistor. ‘This change in 
voltage is amplified and applied to the 
grid of the control tube in such a manner 
as to counteract the original change. 

The voltages required by the image 
and multiplier sections of the camera 
tube are supplied by rectifiers driven 
from a pulse-type supply which is syn- 
chronized at horizontal rate. 

The lens turret drive is quite novel in 
that it is electrically rather than manualls 
controlled. Lens selection is achieved 
by means of pushbuttons on the rear of 
the camera. A of eight micro- 
switches, actuated by cams on the rear 
of the turret plate, serve to stop the turret 


in 


set 


| 
_| servo 
il 


2820 K 


== 50K SET 
CURRENT 


47K 


Fig. 4. Image-orthicon focus coil current regulating circuit. 
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Fig. 5. Focus servomechanism schematic. 


when the selected lens comes into position 
and to cause the turret to take the short- 
est path to the selected lens. A spring- 
loaded magnetic brake is used to ensure 
The 


positive 


positional accuracy and stability. 
motor-driven turret provides 
and accurate lens indexing and offers the 
possibility of remoting the turret control 
if desired. 

The turret is supported at its pe- 
ripnery in a ball race, which provides an 
extremely stable suspension thus 
enables a large turret diameter to be 
employed. ‘The turret 
approximately 8 in. in diameter and will 


lens circle is 
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accommodate a very wide range of lens 
focal lengths. hole extends the 
length of the camera from the center ol 
the turret to allow special optical controls 
to be brought to the rear of the camera. 
Behind the turret is located a filter disk 
with for filters. 
The camera is normally equipped with 
three: 
density, one with 10%, the other with 1% 


accommodations four 


a minus blue, and two of neutral 


transmission. 

The minus blue filter improves the 
color response of the 5820 or 5826 image 
orthicons, while the neutral density 
filters are needed to enable proper opera- 
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tion of the image orthicon where light 
levels are very high and also to allow 
lenses to be operated at more nearly 
optimum apertures. In addition, they 
enable reduction of depth of field where 
the director desires to concentrate audi- 
ence attention on a particular plane of 
interest. 

Control of optical focus is by means of 
a servomechanism. <A simplified sche- 
matic of the servomechanism is shown in 
The position of the image- 
controlled by a 


Fig. 5. 
orthicon carriage is 
bridge arrangement in which an unbal- 
ance causes an error voltage to appear at 
the amplifier input, in turn causing the 
motor to rotate the error potentiometer 
in the direction which causes a reduction 
of the unbalance or error voltage. A 
generator on the motor shaft provides a 
feedback signal proportional to velocity 
to stabilize the system. ‘The sensitivity 
of the servomechanism is such that the 
camera tube position can be controlled 
to within 0.001 in. 

A resistor which determines the ratio 
of carriage motion to focus control-knob 
motion is contained in the lens mount. 
This allows the ratio to be made propor- 
tional to the focal iength of the lens in 


use. The ratio chosen allows focusing 


from infinity to close-up with one turn 
of the focus control knob for all lenses 
within the limits imposed by the 2} in. 
of available carriage motion. 
is defined in this case as a diagonal object 
size of 9 in. 


Close-up 


This provides the camera 
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Fig. 6. Iris drive and indicator schematic. 


operator with a focus control which 
“feels” the same regardless of the lens in 
use. Lacking this provision, the camera 
operator would have to compensate for the 
fact that the motion of the focus control 
would vary over a range of perhaps 8 or 10 
to 1 with the range of lenses commonly 
used. For especially close shots, the 
compensating arrangement may be dis- 
abled by a switch allowing full travel for 
any lens. 

In addition to the advantages offered 
by the ratio variation, servo control of 
focus allows for remoting of the optical 
focus control if desired. This feature, 
combined with the remote turret-posi- 
tioning control, allows placement of 
cameras in locations which, because of 
inaccessibility or other reasons, cannot be 
occupied by the cameraman. Control 
of optical focus and lens selection may 
then be brought to the camera control or 
director’s position. 

Among the various image-orthicon 
controls which determine the quality of 
picture transmitted, it has been found 
that the lens aperture is one of the most 
important. In fact, other controls be- 
come more or less pre-set if convenient 
control over lens aperture is available. 
For this the camera control 
operator has been provided with control 
over the camera lens aperture. ‘This is 
accomplished by means of a motor- 
driven gear which meshes with a sector 
gear on the lens mount attached to the 
lens iris control ring. Motor rotation is 


reason, 
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controlled by means of a single lead in 
the camera cable. Control is, of course, 
available at the camera but is not 
ordinarily used. 

The position of the lens iris is indicated 
on meters calibrated in f/ numbers at 
both the camera and camera control 
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unit. “his is accomplished by means 
of a cam on the lens mount which is 
followed by a cam follower at the center 
of the turret. The cam follower in turn 
drives a potentiometer which provides 
the meter indication. 

Figure 6 is a schematic of the iris con- 
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trol and indication means. The control 
relays are both normally closed and, con- 
sequently, no power is applied to the 
motor. If either relay is shorted by 
means of the switch, the relay opens and 
causes motor power to be applied. The 
motor rotates in a clockwise direction if 
the upper relay is shorted, or in a coun- 
terclockwise direction if the lower relay 
is Shorted. Since both B+ and ground 
must be brought to the camera for other 
purposes, the only additional lead _ re- 
quired to bring control to the camera 
control unit is the one common to both 
relays. ‘The iris-indicating meters read 
the voltage from the arm of the indicator 
potentiometer to ground. 

‘The camera viewfinder is essentially a 
high-quality picture monitor. The 
sweep circuits provide excellent linearity, 
and a pulse-type high-voltage supply 
synchronized at horizontal rate provides 
a source of accelerating potential which 
is independent of the horizontal-sweep 
circuit. The grid of the picture tube is 
clamped, providing excellent black-level 
control. A type 5FP4A picture tube is 
used in conjunction with a magnifying 
lens which serves not only to provide a 
larger picture, but to allow more com- 
fortable viewing on the part of the oper- 
ator. 

A block diagram of the camera control 
unit is shown in Fig. 7. Besides the 
main video amplifier chain, it contains 
picture and waveform monitors with 
associated circuitry, the image-orthicon 
vertical-sweep circuit, and the intercom- 
munication amplifier. 

A block diagram of the video amplifier 
chain is shown in Fig. 8. The first 
stage is a straightforward video amplifier. 
The second stage provides compensation 
for high-frequency losses in the camera 
cable. Variation in compensation is 
accomplished with a six-position switch, 
each position corresponding to 200 ft of 
cable, enabling compensation for up to 
1000 ft of camera cable. A second sec- 
tion of this switch causes a 10% increase 
in the a-c voltage supplied to the camera 
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cable when cable lengths of 600 ft or 
longer are used, 

The third stage provides control ot 
video gain by means of bias control of a 
remote cutoff tube. The output of this 
stage is Clamped to remove hum which 
may have been picked up on the signal 
and also to provide a black-level refer- 
ence for the insertion of blanking and for 
white-peak clipper action. The clamp 
pulse is flattopped and of about 2 usec 
duration. It is derived from the com- 
plete synchronizing signal by means of a 
shorted delay line differentiating circuit. 
This allows the clamping signal to be set 
in the proper phase relationship with the 
incoming camera signal which may be 
delayed up to 3.3 usec, depending upon 
camera cable length. Control over the 
delay of this pulse is effected by means of 
the second section on the cable com- 
pensation switch. The clamp pulse has 
been made as wide as possible to elimi- 
nate the random streaking effects caused 
by clamping on noise peaks. 

Blanking and_ vertical 
added to the signal at the plate of the 
clamped stage. Insertion of blanking in 
the plate of the clamped tube ensures 
“setup”? with picture-con- 
tent variations. Because of this, there is 
usually no need to touch the “‘setup” 
control during a program. Following 
blanking insertion, the signal is clipped 
and fed to the peak-white limiter. ‘The 
peak-white limiter helps to prevent ex- 
cessive modulation of the transmitter or 
overloading of external video line am- 
plifiers. ‘The control is usually set to 
clip peaks which exceed 1.1 v for a nor- 
mal white level of 1.0 v. After passing 
through the peak-white limiter, syn- 
chronizing signal is added to the video 
signal if desired, and the complete signal 
is fed to the video output stage which 
feeds the 75-ohm output line. 

Both picture and waveform monitors 
are normally fed from the output line. 
However, a “transmit” relay is provided 
which allows the output video to be cut 
off, in which case the pick-off point for 


shading are 


constancy of 
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Fig. 9. 
Camera control unit. 


the moniters is switched to a_ point 
ahead of the output stage. This switch 
can be used in case of trouble at the cam- 
era to prevent the switcher operator 
from putting the camera on the air. It 
may also be used with a ready-light sys- 
tem to provide the director with an 
indication of camera availability. 

The camera vertical sweep circuit is 
contained in the camera contro! unit, 
reducing the circuitry required in the 
camera and at the same time making the 
camera vertical-sweep control available 
to the camera control operator. The 
sweep circuit employs sufficient feedback 
to eliminate the need for a_ vertical 
linearity control. The feedback main- 
tains vertical linearity to well within 
+1%, 

Control over camera horizontal-sweep 
amplitude is also available at the camera 
control unit as is an “overscan” switch 


L. L. Pourciau: 


which provides a 59% increase in camera 


sweep amplitudes. The overscan switch 
makes it quite simple to overscan the 
target during rehearsal, thus effectively 
increasing the useful life of the image 
orthicon. 

The picture monitor uses a_ type 
8AP4A_ cathode-ray tube. The type 
8AP4A was chosen because of its light 
weight and its high ratio of useful picture 
area to tube size. It presents a picture 
only 15% smaller than that presented by 
a 10-in. tube, yet is 2 in. smaller in diam- 
eter, thus providing an excellent com- 
promise between the needs of studio and 
field uses. 

Picture monitor vertical- and horizon- 
tal-sweep circuits provide linearity of 
better than +1%. The vertical circuit 
employs feedback to provide excellent 
long-term stability. A separate pulse type 
high-voltage supply, identical with that 
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| 
Fig. 10. Camera chain power supply 
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used in the viewfinder, provides 8 kv with 
good regulation for the 8AP4A anode. 

The waveform monitor employs a type 
3KP1 cathode-ray tube in a circuit 
which provides excellent focus over the 
tube face. Three choices of sweep speed 
are provided by means of a switch on the 
front panel. ‘They are:  half-line rate, 
half-field rate, and a sweep at field rate of 
approximately twelve lines’ duration. 
This latter may be used to examine the 
vertical synchronizing signal as a check 
on synchronizing signal generator opera- 
tion. 

A calibration means is provided and 
the calibration may be conveniently 
checked by depressing the “calibrate” 
button on the front panel. The wave- 
form monitor may also be used as a test 
oscilloscope by means of a jack on the 
rear panel. An edge-lighted standard 
IRE scale is provided in conjunction 
with a green filter, matched to the spec- 
tral characteristic of the P1 phosphor, 
which provides a presentation of excellent 
contrast. 

To allow single camera intercom- 
munication operation independent of 


external equipment, an intercommunica- 
tion amplifier is provided in conjunction 


with an intercommunication system, 
offering great flexibility. A three-posi- 
tion key switch on the front panel 
allows three modes of system operation. 
With the key in the upper position, all 
intercommunication positions have full 
privileges, that is, all may talk and may 
listen. In the center position, only the 
director has full privileges and all other 
stations may listen only. The lower 
position provides a private line between 
camera and camera control unit to en- 
able the operators to converse without 
disturbing the main intercommunication 
line. This is pardcularly useful if a 
camera is in trouble and cooperation be- 
tween video operator and cameraman is 
necessary for rectification. A call but- 
ton is provided at the camera which 
causes a light to flash at the camera con- 
trol unit enabling the cameraman to 
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Television Camera 


attract the video operator’s attention 
when necessary. In operation the upper 
switch position would be used during re- 
hearsals, and the center position would 
be used while on the air to prevent 
interference with the director’s instruc- 
tions. 

Figure 9 serves to illustrate the func- 
tional grouping of the controls on the 
camera control unit. The large knobs 
in the lower left- and righthand corners 
are the setup and video gain controls, 
respectively. The edge controls, be- 
tween the large knobs, control target 
voltage and beam current. The push- 
button at the lower left provides a nega- 
tive 2-v shift in target voltage to allow 
the target to be easily set to 2 v above 
cut-off. This provides a convenient 
“stepping-off” point for final target- 
voltage adjustment since optimum target 
potential will usually be found to lie be- 
tween 1.8 and 2.2 v above cutoff. 

The three small knobs just above the 
gain control, reading from left to right, 
are the beam-focus, image-focus, and 
multi-focus controls. The pushbutton 
to the left of these controls provides a 
check on waveform-monitor calibration. 
The key switch to the right of the wave- 
form monitor controls the waveform- 
monitor sweep rate. The “transmit” 
switch is to the far right, with the iris 
indicating meter in between these two 
switches. Just above the transmit switch 
is the iris control key, and in the corre- 
sponding position on the left is the inter- 
communication key. Knobs at the top 
left and right control the picture-monitor 
contrast and brightness. Other con- 
trols are found under the door on top of 
the unit and along a pane! running down 
the left side. 

The camera chain power supply is 
shown in Fig. 10. It is only 12} in. 
high and weighs 87 lb. Components are 
mounted on two standard rack panels, 
one of which swings out, as illustrated, to 
provide access to the undersides. A 
meter on the front panel allows measure- 
ment of all d-c voltages and currents in 
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addition to the a-c line voltage. A line- 
tap switch allows operations over an in- 
put supply range of 95 to 130 v. The 
power consumption of a complete chain 
is approximately 1000 w. 

The synchronizing pulse generator is 
packaged as a completely self-contained 
unit. ‘The circuits are built on standard 
rack panels and, when rack-mounted, 
the complete synchronizing pulse gener- 
ator with power supply requires only 31 
in. of rack space, yet operational sta- 
bility is such that only three controls 
need be provided. The synchronizing 
pulse generator, open for servicing, is 
shown in Fig. 11. 

A simplified block diagram of the syn- 
chronizing pulse generator is shown in 
Fig. 12, The master oscillator operates 
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Fig. 13. Master oscillator block diagram. 
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this is derived a 


From 
pulse at 60-cycle rate by means of the 
525:1 divider, and a pulse at 15.75 ke 
by means of the 2:1 divider. These two 
pulses are fed to the synchronizing and 
blanking pulse generator circuits and 
are used to generate the desired output 


at 31.5 ke. 


waveforms. These are the complete 
synchronizing signal, mixed blanking 
signal, and horizontal and vertical drive 
pulses. All four waveforms are avail- 
able in either positive or negative polar- 
ity at a leve: of 4 v. 

A block diagram of the master oscil- 
lator chassis is shown in Fig. 13. A 
twin triode, 31.5-ke oscillator, which 
provides excellent stability, is used. An 
AFC circuit allows the oscillator to be 
locked to the 60-cycle power line or to an 
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Fig. 14. Bi-stable multivibrator. 


external 60-cycle reference. ‘The chassis 
also contains a single binary counter 
stage which provides 15.75-ke pulses to 
the pulse former chassis. The master 
oscillator panel contains the only circuit 
controls in the synchronizing pulse gen- 
erator. They are: the frequency con- 
trol for the oscillator, a phasing control 
for adjusting the phase of the 60-cycle 
lock-in, and a bias control on the react- 
ance tube. The reactance-tube current 
may be read on the front panel meter. 
This enables the synchronizing pulse 
generator to be locked to the reference 
frequency at the center of the AFC con- 
trol range without the necessity of ex- 
ternal test equipment. 

The counter of ten 
binary counter stages which are made to 
provide a count of 525 by means of pulse 
feedback. ‘The chassis accepts 31.5-ke 
pulses from the master oscillator and 
furnishes a pulse at 60-cycle rate to the 
pulse-forming circuits. Other outputs 
at various points along the divider chain 
are also used in the pulse-former in the 
interest of overall simplification. The 
binary type counter is a very simple and 
very stable circuit requiring no adjust- 


chassis consists 


ments whatsoever. 

The pulse-former chassis accepts out- 
puts from the master oscillator and 
divider chassis and generates the desired 
output waveforms. All timing of pulse 
widths, including the equalizing and 
vertical-synchronizing pulse-gating wave- 
forms, are determined by a delay line o1 
by pulse counting by means of binary 
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stages. Thus, once the desired pulse 
widths are chosen there is no need for 
further adjustment. 

A generalized form of the circuit used 
to generate the output pulses is shown in 
Fig. 14. It is seen to be a variation of 
the well-known Eccles-Jordan trigger 
circuit’ which is known as a bi- 
stable multivibrator. ‘This latter term is 
quite explicit since the circuit has two 
stable conditions: one in which tube A 
is fully conducting and tube B completely 
cut off; the other with tube B fully con- 
ducting and tube A cut off. It may be 
transferred from one condition to the 
other by a number of triggering means. 
For instance, if a trigger is ap- 
plied to a point which is common to 
both triodes, such as the cathode con- 
nection, a transition from one condition 
to the other occurs with each, trigger 
pulse. If the circuit is to be used 
generate a pulse of a particular duration, 
triggers corresponding in time to the 
leading and trailing edges of the required 
pulse may be applied respectively to the 
points ** A transition from 


now 


to 


a’ and “bh”. 
one stable state to the other occurs upon 
arrival of the leading-edge trigger and a 
return to the original stage occurs upon 
arrival of the trailing-edge trigger, thus 
causing the circuit to generate a pulse of a 
duration corresponding to the time inter- 
val between the leading- and trailing- 
edge triggers. 

The circuit is used in this manner to 
both horizontal vertical 
rate pulses. In the of the hori- 
zontal pulses, triggers of the correct 
timing are obtained from a delay line. 
Vertical-rate triggers are obtained from 
the main divider and from a secondary 
divider chain which in 
junction with the main divider. 

The synchronizing signal generator 
power supply furnishes unregulated 200 v 


generate 
case 


operates con- 


to all circuits except the pulse clippers 
and the master oscillator. ‘The voltages 
for these circuits are regulated by means 
of a pair of VR tubes. ‘The 


consumption is 250 w, 
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The video mixing unit, or switcher, is 
illustrated in Fig. 15. It is designed to 
provide studio switching facilities in a 
field) package. The switch panel is 
shown in the operating position. When 
not in use or when in transit, it may be 
swung back into the main unit. The 
box containing the switching facilities 
may be easily removed and can_ be 
operated at distances up to five feet 
from the main unit. The switcher will 
accept inputs from as many as five local 
and two remote signal sources. A pre- 
view buss, two effects busses and an in- 
stantaneous switching buss are provided. 
The instantaneous and the 
eflects busses with their associated faders 


buss two 


allow cuts, superimpositions, fades, ete. 


The preview buss provides for the pre- 


viewing of any input signal or the output 
of the effects busses, thus allowing an effect 
to be properly set up before transmission. 
A “transmit” button on this buss provides 
ineans for monitoring the output line. 
The main output provides a 75-ohim 
source impedance for proper matching 
to telephone company lines. 

A block diagram of the video mixing 


Fig. 15. Video switcher. 


unit is shown in Fig. 16.) It may be 
seen that black level clamping is pro- 
vided to eliminate switching transients. 
The output line is monitored directly, 
but through a pad arrangement which 
isolates the monitor from the hum and 
tilt usually introduced by a_ telephone 
company line connection. Besides the 
line and master monitor outputs, an 
effects monitor output and a separate 
line monitor output are provided. ‘The 
effects monitor output is used to monitor 
the output of the effects busses, and the 
separate line monitor output may be 
used to drive a studio or announce mon- 
itor. 

The switcher intercommunication cir- 
cuits provide intercommunication —fa- 
cilities for the director and allow trans- 
mission of program audio to other inter- 
communications positions if desired. 

The power supply for the video switch- 
ing unit is self-contained. 

The master monitor (Fig. 17) is de- 
signed to work in conjunction with the 
video switcher or as a general-purpose 
monitor. It includes both an 8}-in. 


picture monitor and a 3-in. waveform 
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Fig. 17. Master monitor. 


Facilities are provided for 
switching to one of three input signals. 


A synchronizing signal interlock arrange- 


monitor, 


ment is provided to enable the unit to 
handle both composite and noncom- 
posite signals. 

Picture and waveform monitor circuits 
those used in the 


Accurate mainte- 


are very similar to 
camera control unit. 
nance of black level is assured by means 
of a clamp on the cathode-ray tube grid. 

Three sweep rates are provided for the 
waveform monitor, corresponding to 
those in the camera control unit. 


The design and development of the 


equipment which has been described are 
the result of the efforts of a considerable 
number of engineers, both at General 


Precision Laboratory Incorporated and 
at Pye, Ltd... in Cambridge, England. 
Much credit goes to Messrs. J. E. Cope, 
L. W. Germany, and D. Jackson who 
were responsible for the work at Pye, Ltd. 


Discussion 


Barton Kreuzer (RCA Victor Div., Camden, 
N.J.): Did t understand that this camera 
had a remotely controlled lens-selecting 
mechanism for changing lenses? As I 
understand it, it selects the shortest path 
for the incoming lens. The lens never has 
to travel as great an are as the circle. 
What is the maximum time it would take 
to change the lens? 

Mr. Pourciau: 1 think it runs about 1} 
to 14 seconds per lens, so that the maxi- 
mum time would be about 2} to 3 seconds. 
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By LEONARD A. HERZIG 


Splicing Motion Picture Safety Film 
Without Cements or Adhesives 


A method and apparatus for butt-weld splicing motion picture film, not re- 
quiring the usual scraping or cements, are described. The principle is 


based on a combination of a controlled heat and cooling gradient applied 
under pressure within a given time cycle, and producing a homogeneous 


splice. 


Properties of the film are not affected, as the film is automatically 


preplasticized prior to splicing. The method may be used for all types of 


safety film. 


= SPLICING has been a_ serious 
problem since the advent of motion 
pictures. ‘The standard method of splic- 
ing, in use for the past decade, has 
required scraping, cementing and over- 
lapping the film. In some cases it has 
also required the application of heat to 
speed up the drying time of the solvent. 
The problem has been increased with 
the advent of different types of safety 
standard acetate, tri- 
acetate, butyrate-acetate, etc. Addi- 
tional difficulties are now forthcoming 
with the use of magnetic-striped sound- 
tracks and film, where an 
overlap splice introduces distortion and 


bases such as 


magnetic 


loss of sound. 

A new method of splicing has been 
developed which incorporates the prin- 
ciple of butt-welding film end-to-end 


Presented on October 7, 1952, at the 
Society’s Convention at Washington, D.C., 
by Leonard A. Herzig, Prestoseal Mfg. 
Corp., 37-27 33rd St., Long Island City 1, 
N.Y. 
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and eliminates the need of scraping, 


cementing and overlap. 

In order to obtain a satisfactory butt- 
weld splice, many factors had to be 
considered, One of these was to obtain 
a precise controlled heat having a heat 
gradient confined in area to very narrow 
limits. Another was to find a material 
with a cooling gradient capable of 
reducing to the required temperature 
within a maximum period of three 
seconds. Of these two factors, 
found that the cooling gradient was of 
prime importance and took precedence 
in the designing of the proper heater 
block. Materials which have very poor 
heat-conducting properties, but) which 
would have a proper heat gradient as 
well, were required. It was necessary 
that the parts be able to withstand ex- 
treme, as well as sudden, changes in 
temperature. Also, as mentioned pre- 
viously, the heating element itself had 
to be capable of cooling in a period of a 
few seconds. 


it was 
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Heater block assembly. 


Fig. 1. 


To accomplish this, it became neces- 
sary to discard all types of coil heating 
elements and to introduce a ribbon type 
of nichrome wire (Fig. 1 (6)). This 
ribbon cross-section area no 
greater 0.047 in. and 
is capable of 40.5 watts 
per linear inch, or an equivalent of 
0.1142 Btu. The heater ribbon is sunk 
into a piece of transite material (Fig. 
1 (2)), until it is absolutely flush with 
the the transite. The ac- 
curacy of the positioning of this ribbon 
wire in the transite is important. ‘The 
ribbon current. of 
air, 


has a 
than 0.006 
dissipating 


surface of 


carries a 
which, in 


nichrome 


approximately 16 amp 


would normally cause the ribbon to 
burn out. This current-carrying ca- 
pacity of the ribbon changed  con- 
siderably when the wire was placed 


under pressure due to the dissipation of 
heat from the ribbon to other materials 
in pressure contact with the ribbon. 
To prevent undue burning out of the 
heater wire, safety switches had to be 


provided which would prevent the 
operator from splicing without first 
applying pressure to the film and 


heater element. 

Mica (Fig. 1 (3)) is used as one of 
the heating and cooling gradients. 
The type of mica used, as well as the 
thickness of the mica, is extremely 


important. This mica also serves as 
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an electrical insulator to prevent con- 
tact shorting of the heater ribbon to the 
stainless-steel platen. ‘The thickness of 
the mica determines the heating and 
cooling gradient. The optimum thick- 
ness has been found to be between 0.002 
and 0,003 in. 

In the development stage of the 
Presto-Splicer, mica was used as a 
heater platen, but it tended to flake 
and adhere to the film being spliced, 
which, of course, was not desirable. To 
overcome this, stainless-steel platen 
(Fig. 1 (7)), thickness, 
having a high electrical resistivity, was 
placed over the mica. It is interesting 
to note that resistivity played an im- 
portant part, and, inasmuch as _re- 
sistivity is inversely proportional to heat 
conduction, the use of a specific type of 
stainless steel became necessary. This 
steel introduced problems of warping 
and elongating under heat, so that it 
therefore became necessary to have the 
grain of the material perpendicular to 
the line of heat. 


0.005 in. in 


Pressure Requirements 

After elaborate testing, it was found 
that pressure under 200 psi applied to 
the line of splice allowed gas bubbles 
to appear in the splice, causing a poor 
bond and brittleness of the film. When 
pressure of 200 psi or more was applied 
to the splicing area, these gas bubbles 
disappeared and a satisfactory homo- 
geneous bond resulted. 


Heat Transfer 


With the advent of tri-acetate film, 
it became necessary to find the material 
having the heat-conducting 
characteristics which would allow the 
concentration of heat to be applied to 
the film rather than to be dissipated to 


poorest 


the material used for applying the 
pressure to the film (Fig. 2). Other 
requirements of this pressure platen 


were that it should in no way affect 
or adhere to the emulsion of the film. 
At present, the material used for this 
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TEFLON PRESSURE TEFLON TAPE 
PLATEN 


Fig. 2. 


pressure platen is Teflon” (tetrafluoro- 
ethylene). The type of orientation of 
this ‘Teflon block is important as ‘Teflon 
has a very serious contraction and 
expansion characteristic. It also became 
necessary to restrain its mechanical 
motion by encasing the block with a 
U-shaped sleeve. One of the disad- 
vantages of this material is that it is 
extremely soft and tends to mark verv 
easily. To overcome this, a_ roll of 
Teflon tape was placed between the 
Teflon block and the heater block. 
This tape automatically advances with 
every splice. 
Plasticizer 

When heat is applied to acetate 
film, there is a tendency for this heat 
to drive out a small proportion of the 
plasticizer from the film. ‘This tends 
to make the splice brittle. To over- 
come the loss of plasticizer, an automatic 
plasticizing unit (Fig. 3), which plas- 
ticizes the edge of the film before it is 
spliced, had to be added to the splicer. 


View of splicer showing Teflon platen and tape. 


Leonard A. Herzig: Film Splicing 
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This plasticizer had to handle all of 
the various film bases which are in 
existence today. In addition to  pre- 
venting brittleness of the splice, the 
plasticizer also broadens the flow point 
of high-acetate film, which previously 
required precise heat control to within 
1 With the introduction of the 
plasticizer, the permissible temperature 
range has been broadened by 10 F. 
The Presto-Splicer, shown in Fig. 4, 
consists of a foundation base and an 
interchangeable 16mm or 35mm_ head. 
The base contains all the electrical and 
timing components with the exception 
of the heater element, located in the 
head assembly. The interchangeable 
heads can either be removed from the 
base or assembled thereto in about 30 
sec. ‘Two knurled screws are used for 
interlocking the head to the foundation 
base. A tongue-and-groove locking de- 
vice is located on the front of the head 
and the base assembly in order to add 
additional rigidity. 
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The overall dimensions of this splicer 
are: 
Height 9 in. 
Width . . in. 
Length... 
Weight . 175 Ib. 


Maximum power consumption w 


The splicer operates on 110/120 v, 
50/60 cycles and can be converted for 
use with 220 v. The castings through- 
out are #108 aluminum alloy with a 
hard-baked black crinkle finish. 


Splicing of Dissimilar 
Safety Base Materials 

No trouble has been encountered 
when splicing present types of film, 
whether to the same or to dissimilar 
film. However, different time and 
heat settings are necessary when splicing 
dissimilar materials to other. 
‘These settings can be classified as low, 
medium and high. The Du Pont safety- 
base film falls into the low category 
as it has a low heat requirement. Nega- 
tive Eastman Kodak stock falls within 
the medium heat requirements, and posi- 
tive Eastman Kodak stock falls into 
the high heat requirements. When 
splicing a low heat requirement ma- 
terial to a high heat requirement ma- 
terial, the higher of the two settings is 
used. 


Accuracy of Indexing 


In the current method of cement 
splicing, accuracy of the cut with rela- 
tion to the sprocket hole does not 
introduce any serious problem. How- 
ever, where butt-welding is be 
achieved, this cut, with relation to the 
sprocket hole, has to be kept very 
accurate. ‘To accomplish this, it was 
necessary to take into account the 
0.2% shrinkage tolerated in the motion 
picture field. | Obviously, this elimi- 
nated the possibility of using two or more 
sprocket indexing pins and it became 
necessary to use only one indexing pin 
(Fig. 3) for both cuts. 


Clamping and Parallel Alignment 


The film is clamped in the conven- 
tional way except that a banking edge 
is required in order to obtain perfect 
alignment control throughout the splic- 
ing cycle. ‘The clamps, therefore, in- 
corporate a pair of film followers (Fig. 
3) which push the film to the banking 
side of the clamp prior to the clamp’s 
being closed. 

After the film is indexed and clamped, 
it is then cut, and the clamp still holding 
the film is swung through a 180° arc 
into the heat-sealing position. ‘The 
same cutting blade is used to cut both 
pieces of film. As the second clamp is 
rotated to the heat-sealing position, the 
edge of the film to be heat-sealed is 
coated with the plasticizer (Fig. 3). 

At this point it should be noted that 
one of the major splicing technique 
changes is that the film is clamped with 
the emulsion side facing down and the 
cellulose side up. Of course, when the 
film is pivoted over a 180° are to the 
heat-sealing position, the emulsion is 
facing up and the pressure is applied to 
the emulsion surface. ‘The heat is then 
applied to the cellulose side (Fig. 2). 


Acetate Flow During the Heat Cycle 


16mm and 35mm film each present 
different problems during the heat 
cycle. The frameline of a 16mm picture 
is on line with the sprocket hole, which 
fills up completely during the heat 
cycle. With 35mm film, there is also 
the tendency of the acetate to flow 
into the four sprocket holes adjacent 
to the point of weld. To prevent the 
flow of acetate into these sprocket holes, 
ears were stamped into the heater 
platen (Fig. 5). These ears are the 
same size and shape as the sprocket 
hole and extend above the stainless- 
steel platen by 0.006 in. ‘The acetate, 
besides flowing sideways, would also 
flow along the line of heat and out each 
end if it were not restrained. ‘To prevent 
this, edge-flow plates (Fig. 5) made of 
stainless steel are placed against the 
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Automatic plasticizing unit. 


Fig. 4. The Presto-Splicer. 
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banking edges of the film. ‘The edge- 
flow plates must be slightly thicker 
than the film to prevent the flow from 
going over the top of the plates. Locking 
clamps (Fig. 1 (9)), to lock the edge- 
flow plates to the heater block, are 
also used. 


Splicing of Magnetic Film 

When splicing magnetic film, it is 
necessary to replace the stationary and 
movable knife blades with nonmagnetic 
materials, Fig. 5. The same procedure 
is followed for splicing magnetic film 
as that used for 16mm or 35mm motion 
picture film. One of the advantages of 
magnetic film over motion picture film 
is that the oxide coating does not tend 
to roll back the few thousandths of an 
inch which ordinarily seems to be 
characteristic in splicing motion picture 
film. 

When a machine is to be used strictly 
for 16mm magnetic film, it is advisable 
to change the location of the index pin 
so as to splice between sprocket holes 
rather than through them, as_ this 
eliminates the reperforating process. 
Obviously, there are very few users 
who could afford to tie up a splicing 
machine for work on magnetic film 
only. Therefore, this change is never 
incorporated unless specifically __re- 
quested. 

Frequency tests run on magnetic film 
disclose the following: 

A film with no modulation was 
spliced every 20 ft and recorded on 
without any wiping or de-magnetizing 
of the film. No audible noises were 
noted. An additional film, having a 
frequency range of from 30 to 15,000 
cycles recorded on it, was spliced in 
each of the various fixed frequencies. 
This was checked on RCA equipment 
with the following results: 

Frequencies from 1,000 to 15,000 
cycles — splice was inaudible or at 
the same level as that of the normal noise 
of the material. 

Frequencies from 700 to 1,000 cycles 
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slightly noticeable when the magnetic 
film was run backward or forward in 
this range. 

Frequencies below 700 cycles — in- 
audible. 

Strength tests indicated that the 
spliced area was equal to 90% of the 
tensile strength of the film itself. 

When 16mm or 35mm standard print 
stock with a stripe of magnetic material 
on the side opposite to that of the 
emulsion is used, it is necessary to change 
the stainless-steel heater platen (Fig. 1 
(7)), to a special stainless-steel, ‘Teflon- 
coated platen. ‘This prevents the oxide 
coating from sticking to the heater 
platen. 

Splicing of Color Film 

A number of companies are using 
this splicer for splicing color raw stock 
and, again, this Teflon-coated platen 
had to be used to prevent the anti- 
halation coating present on couted 
raw stock from sticking. When splicing 
color prints, it was found that replacing 
the Teflon tape with a cellophane tape 
was advantageous. 


Splicing of Negative Film 


Splicing of negative 16mm or 35mm 
film gives exceptionally gratifying results. 
When prints are made from. spliced 


areas, no indication as to where the 
splice was made can be noted. No 
out-of-focus frames are introduced and 
perfect registration of the picture is 
achieved without the side shift normally 
observed as a result of the cement 
method of splicing. 


Splicing of Raw Stock 

By removing the viewing lights or 
placing a Wratten filter over them, it 
is possible to splice raw stock in the 
dark. Previously, splicing of raw stock 
entailed using the “‘hit-or-miss’’ method 
as to whether the emulsion was com- 
pletely scraped off, and, therefore, the 
splicing of raw stock was rarely at- 
tempted. Because in the butt-weld 
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method no scraping or cements are 
used, it is relatively easy to splice raw 
stock without light. It is a decided 
advantage when splicing 16mm_ raw 
stock in this way to move the indexing 
pin to the center of the frame in order 
to avoid having to reperforate in the 
dark. This method of splicing has been 
successfully used in darkrooms for proc- 
essing, eliminating the need for stapling 
leader stock to “takes.” It has also 
been used by a few of the larger com- 
panies for telefax work, where tempera- 
tures in the developing tank go as high 
as 125 F, thus avoiding the trouble 
encountered when rivets are used. 


Effect of Ambient Temperature and 
Relative Humidity on Splicing 
Temperatures ranging from 70 to 
80 F seemingly have no effect on the 
splicing. When the ambient tempera- 
ture rises above 80 F, it is necessary to 
reduce the current by 5%. This 5% 
is correct for all temperatures up to 
When the ambient temperature 


115 F. 


STATIONARY 
KNIFE BLADE 


Fig. 5. Details of Presto-Splicer. 
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of the room ranges between 55 and 
68 F, the current is increased 5°% over 
the normal setting. 

Relative humidity ranging from 40 to 
100% is exceptionally good for the 
butt-weld method. When the relative 
humidity is between 10 and 20%, it is 
necessary to keep the plasticizer wick 
very moist. 


Tensile and Flexing Strength 


Tensile strength of the butt-weld 
splice ranges between 90 and 95% of 
the film itself. The flexing strength 
has not been tested on a flexometer but 
has been placed on endless loops in all 
types of projectors. Tests have been 
run in excess of 1,000 times before any 
edges showed signs of cracking. 


Conclusion 

Butt-weld splicing has many ad- 
vantages over conventional cement splic- 
ing. Splices can be made every 10 sec 
and used immediately in the darkroom 
either for raw stock, negative, positive, 
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color, dissimilar materials, magnetic 
materials, striped stock or for the new 
film, ‘‘Milar,” recently announced by 
Du Pont. Prior to the introduction of 
this equipment to the motion picture 
field, the Presto-Splicer had been time- 
tested by many Government agencies 


in the microfilm field, where the loss of 
document area is not tolerated. 

We believe that, now that the motion 
picture industry has changed over to 
safety film, the Prestoseal butt-weld 
method of splicing can be of invaluable 
service to this industry as well. 


ASA Photographic Standards Board (PSB) 


IN ACCORDANCE with the recommendation of the Committee on Procedure of the 
American Standards Association, approved by the Standards Council on January 
14, 1953, the name of the Photographic Standards (Correlating) Committee (PS(C)C) 
has been officially changed to the Photographic Standards Board (PSB). 

The complete procedures in the development of American Standards were pub- 
lished in the August 1952 Journal, p. 155. 


Proposed American Standard PH22.75 
AandB Windings of 16mm Single-Perforated Film 


Tue Proposep American Standard on A and B Windings of 16mm Single-Perforated 
Film was published previously in the September 1949 and January 1951 Journal 
and is again published on the following page for three-month trial and comment. 

A major manufacturer of equipment using a nonstandard winding took exception 
to the A winding on spools as specified in the January 1951 draft. Apparently the 
SMPE 1941 Recommendation upon which the proposal was based was misinterpreted 
and consequently this winding was reversed. Inasmuch as the demand for A-wound 
film on spools is small and supplied in the main by one firm, the 16mm and 8mm 
Motion Pictures Committee agreed to delete this specification entirely. 

If no adverse comments are received this proposal will be submitted to the ASA 
Sectional Committee PH22 without further balloting.—H.K. 
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Proposed American Standard 


A and B Windings of 16mm 


PH22.75 


Single-Perforated Film 


(Third Draft) 


The purpose of this standard is to insure a 
uniform method of designating the type of 
winding (the location of the perforated edge) 
when ordering or describing 16mm raw-stock 


Winding A 
Emulsion side in 


Film on Cores for Darkroom Loading 

When a roll of 16mm raw stock perforated 
along one edge is held so that the outside end 
of the film leaves the roll at the top and 
toward the right, winding A shall have the 
perforations along the edge of the film toward 
the observer, and winding B shall have the 
perforations along the edge away from the 
observer. 

No preference for either type of winding is 
implied since both types are required for use 
on existing equipment. 


Film on Spools for Daylight Loading 


When the film is wound on a spool with a 
square hole in one flange and a round hole 


film with the perforations along one edge. 

With the types of winding described below, 
the emulsion side of the film shall face the 
center of the roll. 


Winding 8 
Emulsion side in 


in the other flange, it shall be specified as 
winding B when wound as described for B 
above and with the square hole on the side 
away from the observer. 

Windings other than winding B, on spools, 
are considered as special-order products. 


Appendix 

(This Appendix is not a port of the Proposed 
American Standard for A and B Windings of 16mm 
Single-Perforated Film.) The types of winding cov- 
ered by this standard are limited to those which are 
in general use 

It is recognized that film on spools, with o square 
hole in ore flange and a round hole in the other, 
can be wound in other ways than that described as 
winding B, and that for special purposes these wind- 
ings may be supplied commercially. 


NOT APPROVED 
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SMPTE - Exhibitor Conference on 3-D 


Stereo, Cinerama, Cinemascope, wide- 
screen and stereophonic developments 
have added yeast to the motion picture 
cake and the dough is already rising. 
The practical application of these inno- 
vations raises serious questions of operat- 
ing standards both in production and 
exhibition. The major producers, 
through the Motion Picture Research 
Council, are actively engaged at present 
in efforts to answer the production ques- 
tions connected with 3-D. In an effort 
to clear the air for the exhibitors, the 
Society called and held a conference of 
the major exhibitor organizations (in- 
cluding two producer groups) on Feb- 
ruary 5, 1953. Invitations to attend the 
conference were sent to the organizations 
listed below, with but the latter three 
unable to send representatives: 
Allied States Association of Motion Picture 
Exhibitors Wilbur Snaper 
Metropolitan Motion Picture Theaters As- 
sociation Emanual Frisch 
Motion Picture Association of America 
John McCullough 
Radio City Music Hall Vincent Gilcher 
RKO Theatres — Charles Horstman 
Theater Owners of America — Samuel 
Pinanski 
Warner Brothers -— Frank Cahill 
United Paramount Theaters—Harry Rubin 
Independent Theater Owners Association 
— Harry Brandt 
Society of Independent Motion Picture Pro- 
ducers Ellis Arnall 
Representing the SMPTE were: Presi- 
deni, Herbert Barnett; Engineering Vice- 
President, Henry Hood ; Chairman, Stereo- 
scopic Motion Pictures Committee, John 
A. Norling; Executive Secretary, Boyce 
Nemec; and Staff Engineer, Henry Kogel. 
Herbert Barnett chaired the meeting. 
At the outset, Mr. Barnett clearly out- 
lined the Society’s position, “This meet- 
ing has been called by the SMPTE in 
an attempt to coordinate the engineering 
aspects of the development of systems 
utilizing third dimension wide 
screen which have caught the imagina- 
tion of the American public in recent 
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weeks.’ And to avoid any possible mis- 
understanding, he stated further, ‘‘It 
will be necessary to scrupulously avoid 
any attempts at Comparative evaluations 
of competing systems, or the preference 
of one system or the individual features 
of one system over the others.” 

To lay the groundwork for the discus- 
sion, John Norling sketched briefly the 
chief characteristics of the new develop- 
ments and the equipment changes, ex- 
hibitor-wise, required for each system. 


Cinerama: This system is designed to 
create the illusion of reality through 
panoramic effects. To do this three 
cameras are used in the taking process 
and three projectors are used in the 
theater. The three projected images are 
interlaced as a mozaic on a wide, curved 
screen to provide extreme wide-angle 
pictures involving the use of both front 
and peripheral vision. In addition, 6 
microphones are used for recording the 
sound from different action areas on 
separate sound tracks and 6 or more 
speakers are used in the theater to further 
aid the illusion of reality by having the 
sound come from the apparent source 
location. The sound tracks are recorded 
on a separate 35mm magnetic coated 
film. Installation of three projector 
booths, the special, wide curved screen, 
additional speakers and a _ magnetic 
sound reproducer are the required mini- 
mum equipment modifications. 


Cinemascope: Previously known as ana- 
morphoscope, this too is designed to cre- 
ate the illusion of reality through pano- 
ramic effects. Here special lenses are 
used on the camera and projector, the 
one to compress extreme wide-angle shots 
for standard 35mm negatives and the 
other to expand the compressed image 
for projection on a slightly curved screen 
roughly twice the present width. This re- 
quires, besides a wide screen and special 
lens, a higher projector light output. 
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3-D, Stereoscopic Motion Pictures: The 
design feature here is reality through the 
perception of depth. Present-day 3-D 
systems utilize two cameras, one for the 
left-eye image and the other for the right- 
eye image, simulating the process of 
normal vision. Two projectors, inter- 
locked to run synchronously, are then 
used with polarizing filters to project 
two separate images, one for the left eye 
and the other for the right eye. Viewing 
filters permit each eye to receive its own 
image as viewed originally by the two 
cameras. The brain fuses the two im- 
ages and the flat screen then provides 
images with apparent depth. 


Mr. Norling then listed the require- 
ments for 3-D showings: 


. A metallic coated screen, 

Method of synchronizing the two pro- 

jectors and their shutters, 

3. Lenses matched for focal length and dis- 
tortion, 

4. Equal light output from each projector, 

5. Light output increased from each projec- 
tor by roughly a factor of 2, 

6. Larger magazines and reels for accep- 

tance of several intermissions. 


No 


Mr. Barnett then asked how the Soci- 
ety could best serve the interests of the 
exhibitors. The reply to this boiled 
down to three essentials: 

1. Explair in laymen’s language the new 
technical developments and future de- 
velopments as they occur. This would, 
in itself. eliminate much confusion in the 
trade. 

. Supply unbiased answers to the ques- 
tions facing the exhibitors. 

3. Establish standards which will 

a. aid interchangeability ; 

b. retain as much of present equipment 

as possible ; 
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c. prevent newly purchased equipment 
from becoming obsolete; and 
d. permit readily interchangeable pro- 


jection of either 2-D or 3-D motion 
pictures. 

In regard to the first item, Mr. Nemec 
advised the group that the Society is in 
the process of preparing just such a story, 
which should be available in the near 
future. 

As for standards, he stated that the 
closest cooperation and liaison is being 


inaintained between the SMPTE and 
the MPRC and that the above-men- 
tioned standards goals would undoubt- 
edly be used as a guide. 

The remainder of the conference was 
devoted primarily to expressing the most 
pressing questions before the exhibitors. 
These were listed as follows: 


Pertaining to 3-D 


On Screens 

1. Can an all-purpose screen be developed 
for 2-D, 3-D and panorama pictures? 
Can existing screens, in good condition, 
be sprayed with a metallic paint to pro- 
vide a satisfactory surface for 3-D use? 


On Lenses 

3. What is the required accuracy of lens 
matching? 

On Filters 

4. Is there a nonfading type of polarizing 
projector filter? 

5. Has the projector filter been standard- 


ized? 

6. Has the viewing filter been standard- 
ized? 

7. Must the projector filters be artificially 
cooled? 


On Projection Lamps 

8. What portion of filters’ light loss must 
be compensated for by increased lamp 
output? 

9. What light output differences between 
projectors can be tolerated? 

On Projectors 

10. What is the probable size of future 
magazines and reels? 

11. Are special are supplies required for 
continuous projection? 

General Questions 

12. What are the chances of 3-D without 
viewing glasses or with a single pro- 
jector? 

13. What are splicing instructions for 3-D 
films? 

14. Are special rewinds and synchronizers 
needed? 

15. Explain apparent decrease in picture 
size. 

16. Explain in simple terms the funda- 
mental characteristics of the new de- 
velopments in motion pictures. 

17. Explain stereophonic and _ binaural 
sound. 

18. What can an exhibitor safely (to pre- 
clude rapid and expensive obsoles- 
cence ) do now to prepare for scheduled 
3-D showings? 
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Pertaining to 2-D and Wide-Screen 
Processes 


19. Exhibitors recommended change of 
aspect ratio for 2-D pictures to give 
panorama effect with present equip- 
ment, shorter lenses and wider screens. 
What are possibilities of achieving this 
in the near future? 

‘The exhibitors were advised that these 
questions would be submitted to the 
Society’s appropriate engineering com- 
mittees and the MPRC and that the 
answers would be forwarded to the ex- 
hibitors as soon as they became avail- 
able. (Several answers have since been 
made known and are listed at the end of 
this report.) 

At this point, the Society’s committee 
structure was outlined and invitations 
were extended to the exhibitors to join 
and be represented through their tech- 
nically qualified people. 

In addition to asking questions, the 
exhibitors proposed that several of their 
recommendations be submitted to those 
concerned in the new developments: 


1. Any 3-D screen to be designed as an 
all-purpose screen capable of also be- 
ing used for normal and wide-screen 
motion pictres. 

Immediate consideration be given to 
increasing the present 4:3 aspect ratio 
to a picture width to height ratio 
more Closely approximating 2:1, 
Here, it was felt that with a minimum 
of expense, panoramic — projection 
could be immediately achieved to sup- 
ply renewed interest to large numbers 
of patrons. 
of tech- 
misunder- 


Immediate standardization 


nical terms to eliminate 
standing. Specific example was made 
of the term ‘3-D” which has been 
sorely misused. 


One of the questions posed previously 
was isolated for direct reply: What can an 
exhibitor safely do now to prepare for 
scheduled 3-D showings? Mr. Nemec 
stated that in his opinion 3-D is here to 
stay. ‘The prospects are such as to insure 
relatively long term use of two-strip stereo 
equipment installed at this time. In con- 
nection with this, type of screen and reel 
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size were discussed at some length. The 
reel size is dependent on the number of 
intermissions which are considered accept- 
able and upon mechanical limitations of 
present-day projection equipment. In a 
two- or three-projector theater, a minimum 
of one intermission will be unavoidable and 
a 24-in. magazine and 23-in. reel will cover 
all such cases. (The SMPTE was subse- 
quently informed that the MPRC had 
agreed on 25-in. magazines and 24-in. 
reels.) If two or more intermissions are 
acceptable then of course smaller maga- 
zines and reels can be used. 

Metallized screens will be required and 
will work equally well for all 3-D polarizing 
filter systems. They can also be used for 
regular 2-D projection, although a certain 
loss of brightness from side seats would 
result. 

Answers to several of the other questions 
listed have now become known: 


© 2. Painting of existing screens may be 
satisfactory if carefully done so that per- 
forations are not filled. 

Q 5, 6. Polarizing filters for projection 
and viewing have been standardized. V- 
type filters, i.e., having planes of polariza- 
tion of 45° with the vertical, must be used. 

QO 10. In order to allow a show of 10,000 
ft with only one intermission, 25-in. maga- 
zines to accommodate 24-in. reels are 
recommended. ‘These reels will hold up to 
5000 ft of color positive film or approxi- 
mately 5500 ft of black-and-white. Be- 
cause of their size and weight, such reels 
must have free-wheeling flanges to mini- 
mize strain on the film when the machine 
is started. Otherwise perforations will be 
pulled and the pictures will be out of 
synchronism. ‘The MPRC_ believes that 
the spindle diameter may have to be in- 
creased. 

Q 13. The MPRC is preparing written 
instructions for theater projectionists which 
include splicing instructions. 

QO 14. The rewinds will have to be raised 
so that the larger reels will clear the rewind 
table, and the theaters will now require 
synchronizers. 

QO 18. Answered above. 


In addition to activities and reports 


forecast above, plans now are made to 
publish an excellent background and re- 


view article in the March Journal. It is 
John Norling’s ‘“The Stereoscopic Art,” 
reprinted from the PSA Journal for 
November and December 1951, and 
January and February 1952.—Henry 
Kogel, Statf Engineer. 


il 


73d Convention, Los Angeles Statler, April 27 — May 1 


The special features of this convention are 
increasing. Plans have previously been 
announced for giving special attention to 
outdoor theaters and for scheduling SMPTE 
Convention sessions to avoid conflict with 
the National Radio and 
‘Television Broadcasters’ Seventh Annual 
Conference which is at the Los Angeles 
Biltmore, April 28 — May 1. 


Association of 


Equipment Exhibit 


An equipment exhibit will be a feature 
of this Spring’s SMPTE Convention. The 
hotel has made exhibit space available near 
the meeting rooms. A questionnaire and 
application blank are being sent to manu- 
facturers and distributors. Anybody wish- 
ing to exhibit new equipment or equipment 
to be discussed or demonstrated in papers 
at the Convention should write or wire 
Tom Gibbons, Minnesota Mining & Mfg. 
Co., 446 N. LaBrea Ave., Hollywood 36, 
Calif. 


Three-Dimensional 


Plans for consideration of three-dimen- 
sional, other 
developments may be: one or more papers 
will be presented to bring out or lead 
to discussion of particular problems or 
potentialities; or plans may materialize 
for an organized panel of speakers, with a 


wide-screen current 


moderator, to cover operational aspects 
such as: camera design and construction; 
camera operation in production shooting ; 
laboratory problems in matching color 
balance, density, etc.; projection problems 
such as interlocking, and large reel take-up; 
stereophonic sound; and screen-brightness 
problems pertinent to stereoscopy. 

There may well be reports on 
SMPTE standardization and engineering 
activities in the stereo and related fields. 


some 


Reservations 

The Convention 
giving the general plan of the sessions and 
the tear-off postal for hotel reservations is 
scheduled to be mailed on March 2. There 
are indications that hotel rooms may be 
in short supply, so those who can now plan 
their attendance should write for reserva- 
tions to: Mr. Thomas ©’Hara, Front 
Office Manager, Hotel Statler, Wilshire 
Blvd. and Figueroa St., Los Angeles, Calif. 
Rates are: 


announcement card, 


$ 7.00 to $14.00 
9.50 to 14.00 
12.00 to 16.00 


Single . 

Double 

Twin 

Parlor Suites 
(one bedroom ) 19. 00 to 34.00 

Parlor Suites 

34.00 


(two bedrooms ) 21.50 to 


Board of Governors Meeting 


At the January meeting of the Society’s 
Board of Governors, there were the re- 


quired reports which are the record of 


what is past and there were the projected 
dollars and ideas budgets for 1953 and 
more. 

Reporting in person on the activities 
and responsibilities for their respective 
offices were: Herbert Barnett, John W. 
Servies, Henry J. Hood, Barton Kreuzer 
and William H. Offenhauser, Jr. Reports 
of the other officers were read for them. 
The complete roster of SMPTE officers 
and governors is given on the inside back 
cover of each Journal. 

Accomplishments of 1952 are already 
largely available to the membership in the 


form of the conventions and meetings held, 
the standards and engineering reports and 
The 


the business, financial and membership 


the Journals published. record of 
activities will appear again this year in the 
April Journal. 

A detailed operations report was given 
by Boyee Nemec. ‘The relationships of 
types of income and expenditures were 
reviewed, with Gordon Chambers, a new 
Governor, analyzing the need for con- 
tinuing to chart graphically activities 
proposals and expenditures. The 
points from the operations report are 
reflected throughout the programs noted 
below. 


salient 
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Engineering 

Little will be said here: projects planned 
and in progress are reported regularly in 
the Journal by the Staff Engineer. Henry 
Hood presented to the Board drafts of four 
Standards which were approved for 
transmittal to ASA. ‘These proposed 
standards have appeared in the Journal 
and will be published as final when ap- 
proved by the ASA. The advice and 
approval of the Board were sought re- 
garding enlarging the scope of the Screen 
Brightness Committee. ‘The new) scope 
will appear in the April Journal when the 
complete roster of SMPTE Committees 
is published. 

Charles ‘Townsend outlined several as- 
pects of engineering related to television 
and film to which he suggested the Society 
should be certain to give attention. Axel 
Jensen clarified for the Board the duties 
and functions of the Joint Committee for 
Inter-Society Coordination which works 
to avoid overlapping of efforts among this 
Society, the Institute of Radio Engineers, 
Radio and Television Mfrs. Assn. and the 
National Assn. of Radio and Television 
Broadcasters. 


Publications 
Norwood Simmons’ Editorial Vice- 
President’s report was read, noting the 


excellent and vital work of Arthur C. 
Downes, Chairman, and the Board of 
Editors. Hard work by 1952’s Convention 


Program Chairmen Geo. W. Colburn and 
Joe Aiken, with real help from the Papers 
Committee Vice-Chairmen, especially John 
Waddell for the International Symposium 
on High-Speed Photography, not only pro- 
duced well-attended sessions but also 
apparently reversed the trend toward a 
smaller volume of worthy papers for the 
Journal, Greater and more varied efforts 
by the Papers Committee are expected 
to produce an increasing volume of material 
which the membership wants. ‘Those 
wants will be better known when_ the 
results of the Membership Service Question- 
naire are tabulated. 

On the basis of hopes for a reasonably 
greater volume of worthy Journal material 


for 1953, a budget was approved for 1328 


pp. 
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Conventions 


Jack Servies reported that he felt that 
the Spring Convention is in good hands 
and that all information from Hollywood 
thus far indicates a large, varied and 
successful convention. News of developing 
plans appear in each Journal’s story about 
the 73d Convention. 


Sections 

A report for the Atlantic Coast Section 
its new Chairman, William 
H. Offenhauser, Jr. Reports for the other 
sections were also read. An_ increased 
budget was put forth in view of the accom- 
plishments of 1952 and the plans for 1953, 
some of which are noted below in President 
Barnett’s announced program. 

Geo. W. Colburn observed that the 
occasional reports of section meetings in 
the Journal had been very well received. 
It was agreed that a program of publishing 
the sections’ quarterly reports, or pref- 
erably monthly meeting reports, would 
help keep the membership informed. 
Two such reports appear in this issue. 


was read by 


New Plans 

So that the Society will be prepared, 
when it can afford such a program, the 
Board approved the appointment of a 
committee to examine the advisability of 
extending the Society’s activities in order 
to promote more effectively the purposes 
for which this Society was founded, and 
particularly to examine the advisability 
of the Society’s engaging in, promoting or 
financing scientific research, research fel- 
lowships and such other scientific projects 
directly promotive of the purposes of the 
Society. 

From the report by President Barnett, 
we have abstracted the introduction and 
the six points in the Society’s program as it 
is presently expanded: 

The importance of long-range film and 
television engineering is exemplified by 
the film industry’s thorough preparation 
for FCC theater television hearings that 
were renewed on January 26, and the list 
of well-qualified witnesses scheduled to 
appear, as an outgrowth of three earlier 
theater television channel appeals pre- 
sented before FCC by the Society.  Ex- 
perimental channels secured by SMPTE 
gave studio and theater companies an 
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opportunity to determine by actual practice 
the form that a national theater television 
might take. Also, the current 
public interest stimulated by three- 
dimensional pictures, Cinerama, new types 
of screens and other dramatic innovations 
likely to appear are the result of many 
years of research and development. 

Improved public relations are needed 
by SMPTE to insure that engineers new 
to motion pictures and_ television are 
made aware of engineering services and 
standards information available from the 
Society. ‘These six points are especially 
emphasized in the expanded program: 

1. Form new SMPTE 
cities where film and television engineers 
help stimulation from joint 
meetings. 

2. Offer counseling assistance to col- 
leges and universities interested in prepar- 
ing engineering students for careers in 
motion pictures and television. 

3. Find gaps in the published engineer- 
ing literature and offer assistance in filling 
them. 

4. Invite more active participation from 


service 


subsections in 


need 


Pacific Coast Section Meeting 


other technical societies, trade associations 
and cultural groups in technical activities, 
and through these channels encourage edu- 
cational use of motion pictures, television 
and theater television. 

5. Publish special engineering studies 
for the benefit of businessmen, engineers 
and operating personnel, giving informa- 
tion on the functions, applications and 
effects of current technical developments. 

6. The Society’s public relations activi- 
ties must emphasize (a) the need for special 
training of young engineers for work in 
motion pictures, (b) the need for improved 
technical quality classroom motion 
pictures and in the manner of presentation, 
(c) the need for improved technical quality 
of films made for television to avoid a 
bad trade reaction that would adversely 
affect future markets for such films and 
(d) the need for television broadcasters, 
motion picture companies and_ theater 
circuits to be constantly on the lookout for 
new products and processes available 
commercially or through research and 
development programs which they wholly 
or partially support.—V.A. 


The first Pacific Coast Section meeting 
of 1953 was held on ‘Tuesday evening, 
January 20, at the Filmeraft Television 
Theater, Hollywood, with an audience of 
approximately 400. ‘The program featured 
“Rapid Drying of Normally Processed 
Black-and-White Motion Picture Films” 
by F. Dana Miller, Eastman Kodak Co., 
Rochester, N.Y., which was presented 
at the 72d Semiannual Convention at 
Washington and repeated here for the 
benefit of local members who had not 
attended the Convention. 

Dr. Karl Freund, President of Photo- 
Research Corp., read a paper describing 
a newly developed direct-reading photo- 
electric brightness The meter 
was demonstrated and various expected 
applications of the instrument were men- 
tioned, including measurement of motion 
picture screen brightness, set illumination 
and kinescope brightness or contrast. 

In a progress paper on Eidophor, the 
new system for color theater television, 


meter. 


Lorin D. Grignon discussed engineering 
developments in the Eidophor research 
Results of the 


demonstrations of the 


program to date. first 


practical theater 
Eidophor were described, as well as some 
of the problems which have been uncovered 
by these demonstrations. Members asked 
Mr. Grignon practical questions regarding 
future application of Eidophor and there 
was a very favorable general reaction, 
with enthusiasm for the _ technical 
knowledge that was made available. 

Membership Chairman J. W. Duvall 
distributed approximacely 100 application 
blanks at the meeting. A show of hands 
revealed that 25% of those attending 
were not members. It is our hope that 
the new year will bring a sizable aggregate 
of new membership. 

The February meeting will feature a 
vital current topic — stereo-photography. 

Philip G. Caldwell, Secretary-Treasurer, 
Pacific Coast Section. 
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Central Section Meeting 


The Section’s Board of Managers met on 
January 29, before the papers’ program 
at the Western Engineers Society, Chicago. 
As a delegate from the Section to the 
Illuminating Engineering Society, the 
Board chose Carl F. Jenson. Plans were 
made to continue the Section’s present 
format of a letter-size meeting notice and 
to systematize the use of the lapel cards 
by the Section for membership promotion 
and program planning. In discussing the 
types of meeting reports, it was felt that 
a combination of business and management 
information and of the papers program 
might best serve the membership. An 
assessment is being made of the costs 
and values of sending notices of both 
section and subsection meetings to those 
in the Southwest. 

The Central Section heard William P. 
Kusack, Chief Engineer of — television 
station WBKB, Chicago, talk about 
“Production Practices for Television’? and 


Gordon Ray of Reid H. Ray Film In- 


Magnetic Striping 


dustries, Inc., St. Paul, discuss ‘‘Color 
Continuity and Reproduction.” 

Mr. Kusack pointed to the necessity of 
operating within boundaries of technical 


characteristics while aspiring to good 
visual television reproduction. Basic rules 
need to be formulated, he said. The 


television transcription film **Television 
Lighting,” produced by CBS, was shown 
to demonstrate the technical boundaries 
and supplement the paper. 

Mr. Ray discussed the building of color, 
design and continuity of various scenes 
in motion picture films and slides and he 
went into the problems of making photo- 
graphic color reproductions which simulate 
the original color film or photograph. He 
also covered the basic correlation between 
slide films and motion pictures to tell a 
story visually. 

The next Central Section meeting will 
be held on February 19.-—James L. Wassell, 
Secretary-Treasurer, Central Section. 


Plans and hopes now are to publish as 
Part II of the April Journal all seven of the 
papers on the Friday afternoon. session, 
October 10, at the Washington Con- 
vention. Also, a paper which fits into this 
group has been made available by the 
Audio Engineering Society. The sym- 
posium was held under the chairmanship 
of Glenn Dimmick. Our efforts to publish 


the group, complete with discussions from 
the Washington Convention and from the 
Central Section Meeting, have been greatly 
enhanced by the extensive and careful 
work of R. T. Van Niman who has organ- 
ized the transcribing, editing, circulating 
and preparing of final corrected copy of 
the extensive discussion. The papers are 
listed below.—V.A. 


“Manufacture of Magnetic Recording Materials” by Edward Schmidt and Ernest W 
Franck, Reeves Soundcraft Corp. Presented on October 18, 1951, at the SMPTE 


Hollywood Convention. 


“Commercial Experiences With Magna-Stripe” by Edward Schmidt, Reeves Soundcraft 


Corp. 


Presented on October 10, 1952, at the SMPTE Washington Convention. 


“Magnetic Striping Techniques and Characteristics” by B. L. Kaspin, A. Roberts, H. 


Robbins and R. L. Powers, Bell & Howell Co. 


the SMPTE Washington Convention. 


Presented on October 10, 1952, at 


‘Magnetic Striping of Photographic Film by the Laminating Process”’ by A. H. Persoon, 
Minnesota Mining and Manufacturing Co. Presented on October 10, 1952, at the 


SMPTE Washington Convention. 


““Magnetic Sound Tracks for Processed 16mm Motion Picture Film” by Thomas R. 


Dedell, Eastman Kodak Co. 
Washington Convention. 
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Presented on October 10, 1952, at the SMPTE 


**Notes on Wear of Magnetic Heads” by G. A. Del Valle and L. W. Ferber, RCA Victor 


il 


Div., Camden, N.J. 


Convention. 


Presented on October 10, 1952, at the SMPTE Washington 


“A Study of Dropouts in Magnetic Film” by Ernest W. Franck, Reeves Soundcraft Corp. 
Presented on October 10, 1952, at the SMPTE Washington Convention. 
‘Methods of Measuring Surface Induction of Magnetic Tape” by J. D. Bick, RCA Victor 


Div., Camden, N.J. 
of the Audio Engineering Society. 


Presented on October 29, 1952, at the 4th Annual Convention 


“Standardization Needs for 16mm Magnetic Sound” by E. W. D'Arcy, De Vry Corp. 
Presented on October 10, 1952, at the SMPTE Washington Convention. 


Current Literature 


The Editors present for convenient reference a list of articles dealing with subjects cognate to motion 


picture engineering published in a number of selected journals 


Photostatic or microfilm copies of 


articles in magazines that are available may be obtained from The Library of Congress, Washington, 
D.C., or from the New York Public Library, New York, N_Y., at prevailing rates 


American Cinematographer 
vol. 33, Oct. 1952 
Two New 16mm Films (p. 436) J. Van Natta 


vol. 33, Nov. 1952 
And Now Cinerama (p. 480) J. W. Boyle 
Why I Used the Garutso Lens in Filming “The 
Four Poster” (p. 482) Mohr 
Variable Shutter for the Bolex H-16 (p 
Foster 
Carefully Balanced Lighting Vital to Best TV 
Film Results (p. 486) Tannura 


484) 


vol. 33, Dec 
Follow-Focus in 


1952 

The Development of Cine- 
matography (p. 523) F. Foster 

Overhead Lighting for Overall Set Ilumination 
(p. 528) J. Ruttenberg 

Techniques for TV Commercials (p. 532) W. R. 
Witherell, Jr 


American Scientist 
vol. 40, Oct. 1952 
Underwater Television and Marine Biology (p. 
679) H. Barnes 


Audio Engineering 
vol. 36, Oct. 1952 
Handbook of Sound Reproduction, Chapter 5: 
“Musical Instruments and the Human Voice” 
(p. 36) M. Villchur 


vol. 36, Nov. 1952 
New Medium-Cost Amplifier of Unusual Per- 
formance (p. 30) G. L. Werner and H. Berlin 
Handbook of Sound Reproduction (p. 40) &. VM. 
Villchur 


vol. 36, Dec. 1952 
Handbook of Sound Reproduction (p. 20) E. M. 
Villchur 


Bild und Ton 
vol. 5, Nov. 1952 
Die Lebensdauer der Filmkopien in Abhangig- 
keit von den Abmessungen der Transportrollen 
(p. 347) K. O. Frelinghaus 


Kinotechnische Normung Bericht uber die 


ISO-Tagung (p. 356) 


British Kinematography 
vol. 21, Aug. 195° 
High-Definition Films (p. 32) N. Collins and 
7. ©. Macnamara 
A New Television Recording Camera (p. 39) 
WD. hemp 


vol. 21, Oct. 1952 
International Conference on Cinematographic 
Standards (p. 88) 


Modern Kinema Lighting (p. 93) G. Rehinson 
vol. 21, Nov. 1952 

Considerations Affecting the Design of Television 
Cameras (p. 117) G. C. Newton 

Inlay Process for Television Production (p. 122) 
A.M Spooner 

Use of the Radio Talk-Back Unit in Television 
Productions (p. 127) R. Toombs 


Electronics 
vol. 25, Nov. 1952 
Evaluating AFC Systems for Television Receivers 
(p 132) G. Houatt 


International Photographer 

vol. 24, Nov. 1952 
Shooting Live TV Shows with Motion Picture 

Cameras (p. 5) K. Freund 

Television Filming (p. 8) V. EF. Hughes 

vol. 24, Dec. 1952 
The Natural Vision 3D Camera (p. 5) 
Cinerama (p. 9) A. Nadell 


International Projectionist 
vol. 27, Oct. 1952 
Safety Film: Performance Characteristics (p. 5) 
R.A, Mitchell 
Cinerama—-A Step in the Right Direction (p. 10) 
A. Nadell 
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vol. 27, Nov. 1952 
Safety Film: Performance Characteristics, Pts. 
II, (p. 6) R. A. Mitchell 
Transistor—Successor to the Vacuum Tube? 
(p. 12) 
De Vry’s JAN Magneto-Optical Portable Pro- 
jector (p. 19) 
vol. 27, Dec. 1952 
Projector Mechanisms Have Improved (p. 7) 
L. Chadbourne 
Ihe New Ansco Color Film and Process (p 13) 
R. A. Mitchell 


Kinematograph Weekly (Ideal Kinema section) 


vol. 18, Oct. 9, 1952 
Optics of the Sound Head (p. 13) R. H. Cricks 
Cricks Sees Synchro-Screen (p. 11) R. H. Cncks 


Kino-Technik 
vol. 6, Oct. 1952 
Tonschriften im Gegentaktverfahren (p. 232) 
Filmaufzeichnugsanlage im Fernsehbetrieb (p. 
236) 
Britisches Farbfernsehen vor deutschen Augen 
(p. 237) 
Storungen bei der Vorfuhrung von Tonfilmen 
(p. 245) K. Braune and H. T mmel 


no. 11, Nov. 1952 
Fernsehkameras— ferngesteuert und fernbetrie- 
ben (p. 252) 
Kinematische Fragen an Filmschaltgetrieben (p., 
262) H. Weise 


vol. 6, Dee. 1952 

Zum Normblatt-Entwurf Sicherheitsfilm (p. 276) 
L. Busch 

Verwendung von HI-Kohlen in der Schmalfilm- 
projektion (p. 279) C. Hermann 

1200-m-Schmalfilmspuler ermoglichen  pausen 
lose Vorfuhrung (p. 280) E. May 

Die Fernseh-Grossprojektion im Kino (p. 282) 
Winckel 

Storungen bei der Vorfuhrung von Tonfilmen 
(p. 290) K. Braune and H. Tummel 


Book Review 


Motion Picture Herald 


vol. 189, Nov. 22, 1952 
Natural Vision Ready for Public Showing (p. 38) 
W. R. Weaver 


Motion Picture Herald 
vol. 189, Dec. 6, 1952 
(Better Theaters Section) 
What Projectionists Should Know About Film 
Stock Today (p. 37) G. Gagliard 


Philips Technical Review 
vol. 14, July 1952 
High-tension Generators for Large-Picture Pro- 
jection Television (p. 21) J. J. P. Valeton 


Photographic Journal 
vol. 92B, Sept.-Oct. 1952 
(High-Speed Photography Issue) 

Flash Cinematography (p. 129) R. H. J. Brown 

A Synchronized Flash-Discharge System for 
High-Speed 35mm Cinematography (p. 133) 
W. D. Chesterman and G. T. Peck 

Image Converter Tubes and Their Application 
to High-Speed Photography (p. 137) J. 5S. 
Courtney-Pratt 

Image Converter Techniques Applied to High- 
Speed Photography (p. 149) R. A. Chippendale 

An Electronically Operated Kerr Cell Shutter 
(p. 158) K. D. Froome 

Electro-Optical Shutters as Applied to the Study 
of Electrical Discharges (p. 161) J. M. Mees 
and R. C. Turnock 


Radio & Television News 

vol. 48, Nov. 1952 
Miniature TVI Wavetraps (p. 41) R. P. Turner 
Television “Snow” (p. 58) W. 11. Buxhsbaum 
Self-Focus Picture Tubes (p. 122) &. M. Noll 


Radio & Television News 
vol. 48, Nov. 1952 
(Radio-Electronic Engineering Section) 
Audio Facilities for TV Studios (p. 3) FE. 9? 
Vincent 
Color TV Definitions (p. 32) 


Exposure Meters and 
Practical Exposure Control 


By J. F. Dunn. Published (1952) by The 
Fountain Press, 46-47 Chancery Lane, 
London WC2, England. 252 pp. (incl. 10 
pp. index) + 8 pp. adv. Numerous tables; 
97 illus. and plates. 6} 84 in. Price 
35 shillings. 

Technical aids to the control of photo- 
graphic exposure have always been a mat- 
ter of lively interest to photographers of all 
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types and have occasionally been the sub- 


ject of passionate and perhaps excessively 


partisan debate. As long as still mono- 
chrome photography with wide-latitude 
materials was all that was involved, excel- 
lent results could be obtained with a moder- 
ately wide range of exposures, and the dis- 
crepancies between the various devices 
employed and the techniques used were 
not of great importance. In recent years 
however, the accuracy demanded of ex- 
posure estimating equipment for color 


f 
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photography, for high-grade motion pic- 
ture work, and for many specialized photo- 
graphic processes has sharpened the debate 
and brought into much clearer focus the 
relation between the light distribution of the 
original scene and that of the final photo- 
graphic product. 

Mr. Dunn’s book makes available to the 
working photographer, amateur or pro- 
fessional, a single source describing virtu- 
ally all the equipment and techniques for 
determining exposure. A chapter on the 
fundamental theory of exposure require- 
ments presents an informative discussion 
of the derivation of tilrn speed ratings, the 
criteria of correct exposure, and the meth- 
ods of assessing the subject lighting, includ- 
ing brightness measurements (highlight, 
shadow, and “keytone’’) and 
“incident light” evaluation. Chapters on 
exposure tables and calculators, extinction 
meters, photoelectric integrating meters, 
photoelectric light meters and 
exposure photometers include detailed de- 
scriptions of most available commercial 
equipment (European and American). 
Useful intercomparisons of the results ob- 
tainable and the uses, limitations, and pre- 
cautions to be observed in each case are 
provided. Throughout the book, the dif- 
fering requirements of still monochrome 


average, 


incident 


photography and motion picture and color 
work are emphasized. 

Many tables are included, such as tilm 
speed ratings, comparisons of various speed 
rating systems, etc. Most of the working 
data that involves speed ratings is pre- 
sented in a double notation giving the B.S. 
(British Standards Institution) and A.S.A. 
ratings side by side. ‘The exposure tables 
however are presented for use with the 
B.S. ratings only. American readers will 
prefer equivalent tables based on A.S.A. 
ratings, such as the A.S.A. Photographic 
Exposure Computer for daylight photog- 
raphy, but may find it worth while to con- 
vert to B.S. ratings in order to make use of 
the excellent tables for photography by 
artificial light. 

Only a very few minor criticisms might 
be made of Mr. Dunn’s book, and these do 


not detract from the general excellence of 
the presentation. The author has gone too 
far in an effort to substitute nontechnical 
language for relatively simple technical 
concepts. [suspect for exainple that the 
use of the term “kissing” for “tangent” 
would be more likely to involve the reader 
in speculations as to the aptness of the 
metaphor than it would be likely to clarify 
the concept of tangency. In discussing the 
variation of light output of incandescent 
lamps with voltage (in a table on page 83 
and in connection with the calibration of 
exposure meters on page 129) the actual 
voltage variations are used rather than the 
percentage variation. Inasmuch as_ the 
lainps described are operated at about 230 
volts, the voltage figures as given are not 
valid for lamps operated at 115 volts or 
lower. If the variation had been given in 
per cent, the data would be sufficiently 
accurate for lamps operated at any voltage. 
Although exposure tables and calculating 
devices are described extensively, tables 
of “guide numbers’ commonly used at 
least in the United States with photoflood 
and photoflash light sources are not men- 
tioned. 

Mr. Dunn devotes considerable space to 
a description of exposure photometers, 
particularly the SEI meter, for which he is 
so largely responsible. It should be noted 
that although his perhaps pardonable en- 
thusiasm for this instrument colors the 
parts of the book in which its construction 
and use are described, it has not affected 
the sections dealing with other types of 
instruments, which are described fully and 
fairly. 

Whether the reader is already committed 
to using a particular kind of exposure meter. 
or wishes to determine what meter to ob- 
tain or what techniques to use, or even if 
he is not interested in a meter at all and 
wants only a general understanding of the 
problem together with set of useful 
tables, he will find the book instructive 
and helpful. — Theodore H. Projector, Na- 
tional Bureau of Standards, Washington 25, 
D.C. 


A new edition of the Society’s Test Film Catalog is now available at no charge from the 


Society’s headquarters. 


theaters, service shops, factories and television stations. 


It covers 27 different test films, 16mm and 35mm, for use by 


These test films have been 


developed by the SMPTE. and the Motion Picture Research Council. 
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New Members 


Honorary (H) Fellow (F) 


Adams, John H., Technical Chief Radio and 


Pelevision Engineer, KFDX, KFDM. Mail: 
2207 Grant St., Wichita Falls, Tex. (M) 
Anderson, Louis L., Manager, Magnetic 


Equipment Dept., Brush Development Co. 
Mail: 3405 Perkins Ave., Cleveland 22, 
Ohio. (M) 

Baker, Stanley E., Photographer, North Ameri- 
can Aviation. Mail: 8321 Keokuk Ave., 
Canoga Park, Calif. (A) 

Baumert, Ernest, Supervisor, Technical Main- 
tenance Branch, Signal Corps Pictorial Center, 
51-01 —- 39 Ave., Long Island City 4, N.Y. 
(M) 

Berti, Nullo, Salesitnan, 56-01 — 
ing 55, N.Y. (A) 

Bibas, Frank P., Motion 
McCann-Erickson, Ince. 
Lodge, Rye, N.Y. (M) 

Blair, E. M., Chief Engineer, E.D.L. Co. 
1240 Clay St., Garv, Ind. (M) 

Brown, Sam E., Assistant Executive Director, 
Academy of Motion Picture Arts and Sciences 
Mail: 177 South Citrus Ave., Los Angeles 36, 
Calif. (M) 

Bryant, William E., Television Engineer, Na- 


137 St., Flush- 


Director, 
Blindbrook 


Picture 


Mail: 
Mail: 


tional Broadcasting Co., Sunset & Vine, 
Hollywood 28, Calif. (A) 
Burtis, Eric F., Director, Post Film Library 


Services, U.S. Army Signal Corps, Signal 
Office, Ft. Eustis, Va. (A) 

Cahoon, Roy D., Prairie Regional Engineer, 

Broadcasting Corp. Mail: 143 
Wildwood Park, Winnipeg, Manitoba, 
Canada. (M) 

Cane, Albert Chemical Engineer, Technicolor 
Motion Picture Corp. Mail: 856 South 
Normandie Ave., Los Angeles 5, Calif. (A) 

Cole, Lionel J., Film Producer, Shell Caribbean 
Petroleum Co., Apartado 809, Caracas, 
Venezuela. (M) 

Connelly, James J., Project Engineer, Sperry 
Gyroscope Co. Mail: 2327 Andrews Ave., 
New York 68, N.Y. (A) 

Copeland, William H., Radio-Television-Broad- 
cast Engineer, C.B.S. Television. Mail: 255 
South Amalfi Dr., Santa Monica, Calif. (M) 

Curtis, Sgt. Charles F., Motion Picture Tech- 
nician, 3206 Photo Test Squadron, Eglin Air 
Force Base, Fla. (A) 

De Rycke, Lawrence F., Illustrative Photog- 
rapher, GMC Truck & Coach Div. Mail: 
27 North Baldwin Rd., R #1, Lake Orion, 
Mich. (A) 

Dieffenbach, Capt. Woods W., AQO-577308, 
Officer in Charge of Motion Picture Section, 


Canadian 
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The following members have been added to the Society’s rolls since those last published. The 
designations of grades are the same as those used in the 1952 MempBersuip Directory 


Active (M) 


Student (S) 


Associate (A) 


Pest Squadron, Eglin Air 
(M) 


3206 Photographic 
Force Base, Fla 
Diehl, Adam E., Dean, Los Angeles City College 


5056 Ambrose, Los Angeles 27. (A) 

Donneau, Peter J., Television Engineer, 
WJAR-TV. Mail: 26 Monty St., Woon- 
socket, R.I. (A) 

Fierst, Morris E., General Manager, Packaged 
Programs, Inc., 634 Penn Ave., Pittsburgh 22, 
Pa. (A) 

Fisher, Dennis R., Technical Manager, Kodak 
South Africa, P.O. Box 735, Capetown, South 
Africa. (A) 

Ford, K. A., Partner, Triangle Continuous Day- 
light Motion Picture Projector Co. Mail: 
537 Woodlawn Ave., Glencoe, Ill. (M) 

Frothingham, Anthony, Sales Engineer, Kodak- 
Pathe S.A.F., 17 rue Francois ler., Paris 
8 eme., France. (M) 

Galbreath, Richard E., Motion Picture Pro- 
ducer, Galbreath Picture Productions, Inc., 
2905 Fairfield Ave., Ft. Wayne, Ind. (M) 

Goldberg, Benedict S., Jr., Motion Picture 


Mail: 


Cameraman, Lockheed Aircraft Corp. Mail: 
6927 Aura Ave., Reseda, Calif. (A) 
Gray, David Anton, Williams College. Mail: 


Box 564, Williamstown, Mass. (S) 

Gustafson, G. E., Vice-President in Charge of 
Engineering, Zenith Radio Corp., 6001 W. 
Dickens Ave., Chicago, Ill. (M) 

Hales, Frederick J., Recordist, Warner Brothers 
(England). Mail: 2 Cordigan Mansions, 
Richmond Hill, Richmond, Surrey, England 
(A) 


Hanna, Clifford, Motion Picture Producer, 


Video Films, 1004 East Jefferson Ave., 
Detroit, Mich. (A) 
Hilfinger, Harry P., ESO-S Pictures. Mail: 


828 W. 39 St., Kansas City, Mo. (M) 

Hirschkop, Morton A., New York University. 
Mail: 255 South Third St., Brooklyn 11, 
N.Y. (S) 

Hulcher, Charles A., President, Charles A. 
Hulcher Co., Inc. Mail: 40 Manteo Ave., 
Hampton, Va. (A) 

Jaime, Jose de Lugo, Laboratory Assistant, 
Especialidades Filmicas. Mail: Empedrado 
#360, Apto. 311, Havana, Cuba. (A) 

Jelsma, Charles E., Motion Picture Technician, 
Berndt-Bacgh. Mail: 1880 Riverside Dr., 
Los Angeles 39, Calif. (A) 

Karson, Walter E., Motion Picture Equipment 
Rebuilding, Edward H. Wolk. Mail: 5750 
South Elizabeth St., Chicago 36, Ill. (A) 

Kurtz, Jerome, New York University. Mail: 
3150 Rochambeau Ave., New York (S) 


Levine, Harold H., Sound Dubbing, Ryder 
Service, Inc. Mail: 1809 Pass Ave., Burbank, 
Calif. (A) 

Lidner, Scott M., New York University. Mail: 
1305 Presicient St., Brooklyn 13, N.Y. (S) 
Lipman, Robert N., Mechanical Design Engi- 

neer, RCA Victor Div Mail: 235 Lawnside 

7, N.J. (A) 

Luce, R. Robert, Supervising Editor, Geo. W. 


Ave., Collingswood 


Colburn Laboratory. Mail: 1954 Farwell 
Ave., Chicago 26, Ill. (A) 
Lukas, Walter, Engineer, Emerson Radio & 


Phonograph Corp. Mail: 
Rd., Glen Rock, N.J. (A) 
Martin, Glenn C., Jr., Stage Lighting Designer 
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and Assistant Manager, Texas Scenic Co. 
Mail: 1255 Fulton Ave., San Antonio 1, 
Tex. (A) 


Mian, Attilio, Recording Engineer, Fulton Re- 


cording Co. Mail: 1686 Grand Concourse, 


New York, N.Y. (A) 
Micco, Leopoldo A., Physicist, Ansco. Mail: 
125 Leroy St., Binghamton, N.Y. (M) 


Morgan, Miles, Photographer, U.S. Army. 
Mail: 6350 Franklin Ave., Hollywood. (A) 

Nash, John S., Motion Picture Photographe 
and Editor, 7313 Santa Monica Blvd., Holly- 
wood 46, Calif M) 

Nortman, Richard P., Filming Director, Arizona 
State College, Tempe, Ariz A) 

Pelletier, Claude, Recordist, National Film 
Board of Canada, John St., Ottawa, Ontario, 
Canada. (A) 

Pfening, Fred D., Jr., The Fred D. Pfening 
Co., 1075 West Fifth Ave., Columbus, Ohio. 


(A) 
Philippe, Lauwers, Chief Chemist, N. V 
Gevaert) Photo-Producten Mail: 21 L. 


Gerritz, Ave., Berchem, Antwerp, Belgium. 
(A) 

Raymond, Julian E., Audio Engineer, Assistant 
Cameraman, Set Designer, TV Ads, Inc., 
3839 Wilshire Blvd., Los Angeles, Calif. (M) 

Rett, Hubert C., Television Engineer, National 


Broadcasting Co. Mail: 14 West Elm St., 
Chicago 10, Tl. (A) 

Rosenberg, Irving, Technical Supervisor, 
Columbia Broadcasting System. Mail: 98 
34 63 Dr., Forest Hills, N.Y. (A) 


Rosenberg, Jerome M., Electrical Engineer, 
Chromatic Television Laboratories, 
703 37 Ave., Oakland 1, Calif. (A) 

Ruppert, Clyde R., Motion Picture Film Editor, 


Inc., 


Geo. W. Colburn Laboratory. Mai: 4027 
North Maplewood Ave., Chicago 18, II. (A) 

Sargente, Mario, Toolmaker, Pathe’ Labora- 
tories, Ine Mail: 2339 Prospect Ave., 
Bronx, N.Y. (A) 


Saunders, Bernard G., Physicist, Oak Ridge 
National Laboratory. Mail: 100 Plymouth 
Cir., Oak Ridye, Tenn A) 

Scripps, William J., Telecommunications Con- 
sultant, W. J 286 

S. Woodward, 


Scripps Associates, Inc., 


Mich. (M) 


jirmingham, 


Seyfried, Grover, 
Soundtilm Studios, Inc. 
Ave., Detroit, Mich. 

Shapiro, Irvin, Motion Picture and Television 


Director of Photography, 
Mail: 4815 Cabot 
(M) 


Executive, Standard Television Corp. Mail: 
565 Park Ave., New York 21, N.Y. (M) 
Shibuk, Charles, New York University. Mail: 


2084 Bronx Park East, New York, N.Y. (S) 
Singleton, Harold C., Consulting Radio Engi- 


neer, Chief Engineer, KGW, KGW-TV. 
Mail: 4488 SW Council Crest Dr., Portland 
1, Ore. (M) 


Stewart, Henry H., Motion Picture Photog- 


rapher, Bureau of Public Roads, Dept. of 
Commerce. Mail: 147 Fleetwood  Ter., 
Silver Spring, Md. (A) 


Taylor, Frank Nash, Works Manager, Kodak 
South Africa, 102 Davies St., Doornfontein, 
Johannesburg, South Africa. (A) 

Theis, H. Grant, Manager, Film Service Opera- 
tions Dept., CBS Television. Mail: 440 East 
Palisade Ave., Englewood, N.J. (M) 

Umbarger, Ralph, Cameraman, Rarig Motion 
Picture Co. Mail: 302—-19 Ave. South, 
Seattle 44, Wash. (A) 

Watterlohn, R. H., Electronics Engineer, Bell 
& Howell Co. Mail: 5448 West Huron 
St., Chicago 44, Il. (M) 

Weber, Carlton F., Director of Photography and 


Television Recording, U.S. Air Force. Mail: 
1110 North Mariposa, Burbank, Calif. (A) 
Westfall, Robert M., Officer, U.S. Navy. Mail: 
503-B Saratoga, China Lake, Calif. (M) 
Williams, Charles J., Cinetechnician, Sub- 
foreman, Unicorn Theaters, Inc. Mail: 

14825 Fox St., San Fernando, Calif. (A) 


Wood, Lt. Douglas R., Motion Picture Officer, 
U.S. Air Force, 3206 Photo Test Squadron, 
Eglin Air Force Base, Fla. (A) 


CHANGES IN GRADE 


Auerbach, Gerald, (S) to (A) 
Greenberg, Raymond, (S) to (A) 
Jeffery, Seymour, (A) to (M) 
Little, Ralph V., Jr., (A) to (M) 
Pearson, Lloyd K., (A) to (M) 
Thorne, Frederick R., (A) to (M) 
Ungar, Albert J., (S) to (A) 


DECEASED 


Chatelain, Arthur B., Foreman, Laboratory, 
Twentieth Century-Fox Film Corp. Mail: 
761 S. Verdugo Rd., Apt. 3, Glendale 5, 
Calif. (A) 

Foss, William L., President, William L. Foss, 
Inc., 927-15 St., N.W., Washington, D.C 
(M) 

Jones, Merwin C., Maintenance Supervisor, 
KGO-TV, American Broadcasting Co. Mail: 
270 El Bonito Way, Millbrae, Calif. (A) 

O'Toole, Russel, Sound Engineer, RCA Service 
Co. Mail: 1321 Spear, liad 
(A) 


Logansport, 
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Journals Available and Wanted 


Phese notices are published as a service to expedite disposal and acquisition of out-of-print Journals. 
Please write direct to the persons and addresses listed. 


Available 


1951 1952 Journals in excellent condition plus the Indexes for 1916-30, 1930-35, 1936-45 
and 1946 50; and including the 1949 High-Speed Photography. For best offer write 
to K. C. ‘Tsien, 147 51 Charter Road, Jamaica 35, N.Y. 


Wanted 


Transactions 1, 6 and 7. Write Mrs. Dorothy Gelatt, Henry M. Lester, 101 Park Ave., 
New York 17, N.Y. 


January and February 1946 Journals. Advise the Record Engineering Library, Radio 
Corporation of America, RCA Victor Division, 501 N. LaSalle St., Indianapolis, Ind. 


Meetings 


Society of Motion Picture and Television Engineers, Southwest Subsection Meeting, 
Mar. 16, Fort Worth, Tex. 
Inter-Society Color Council, Annual Meeting, Mar. 18, Hotel Statler, New York, N.Y. 
American Institute of Electrical Engineers, New York Section, Meeting on ‘High-Energy 
Accelerators,’ Mar. 19, Engineering Societies Bldg., New York 
(ptical Society of America, Mar. 19-21, Hotel Statler, New York, N.Y. 
American Physical Society, Joint Meeting with APS Southeastern Section, Mar. 26-28, 
Duke University, Durham, N.C. 
Symposium on Modern Network Synthesis, planned by Polytechnic Institute of Brooklyn. 
Apr. 16-18, Auditorium of Engineering Societies Bldg., New York 
International Symposium on Nonlinear Circuit Analysis, Apr. 23-24, information from 
Microwave Research Inst., 55 Johnson St., Brooklyn 1, N.Y. 
73d Semiannual Convention of the SMPTE, Apr. 27~May 1, Hotel Statler, Los Angeles 
National Association of Radio and Television Broadcasters, 7th Annual Conf., Apr. 28 
May 1, Ambassador Hotel, Los Angeles 
American Physical Society, Apr. 30-May 2, Washington, D.C. 
Acoustical Society of America, May 7-9, Hotel Warwick, Philadelphia, Pa. 
Society of Motion Picture and Television Engineers, Southwest Subsection, May 20, 
Dallas, Tex. 
Society of Photographic Engineers, ‘Third Annual Conference on Science in Photography 
and Photographic Instrumentation, May 20-22, U.S. Hotel Thayer, West Point, N.Y. 
American Physical Society, June 18-20, Rochester, N.Y. 
American Institute of Electrical Engineers, Summer General Meeting, June 29-July 3, 
Atlantic City, N.J. 
Biological Photographic Association, 23d Annual Mecting, Aug. 31-Sept. 3, Hotel Statler, 
Les Angeles, Calif. 
The Royal Photographic Society’s Centenary, International Conference on the Science 
and Applications of Photography, Sept. 19-25, London, England 
National Electronics Conference, 9th Annual Conference, Sept. 28-30, Hotel Sherman, 
Chicago 
74th Semiannual Convention of the SMPTE, Oct. 4-9, Hotel Statler, New York 
Audio Engineering Society, Fifth Annual Convention, Oct. 14-17, Hotel New Yorker, 
New York, N.Y. 
Theatre Lquipment and Supply Manufacturers’ Association Convention (in conjunction 
with Theatre Equipment Dealers’ Association and ‘Theatre Owners of America), 
Oct. 31-Nov. 4, Conrad Hilton Hotel, Chicago, Il. 


‘ 
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Theatre Owners of America, Annual Convention and Trade Show, Nov. 1-5, Chicago, Ill 
National Electrical Manufacturers Association, Nov. 9-12, Haddon Hall Hotel, Atlantic 
City, N.J. 

75th Semiannual Convention of the SMPTE, May 3-7, 1954 (next year), Hotel Statler, 
Washington, D.C. 

76th Semiannual Convention of the SMPTE, Oct. 18-20, 1954 (next year), Ambassador 
Hotel, Los Angeles 


Employment Service 


Position Available 


Permanent position in Southwest for 
experienced motion picture cameraman; 


TV Producer-Director: Formerly Chief 
of Production in Army’s first mobile TV 
system, experience writing-directing 
high-speed, low-cost instructional pro- 
must have sample interior and exterior ductions; —'V producer-director, KRON- 
footage to indicate ability. Write letter, “TY San Francisco, five shows weekly. 
giving resume of professional experience, Desire connection in educational TV, 
to Susong Agency, 524 Commercial Bldg. Preferably employing kinescope technique ; 
Dallas, Tex. All replies confidential. married; prefer West Coast, but willing 

to travel; resume, script samples, pictures 

of work — on request. Robert Lownsbery, 
Positions Wanted 1116 E. Claremont St., Pasadena 6, Calif. 


Audio-Visual School of Education Gradu- 
ate: M.A., Audio-Visual Education, New  Resigning Feb. 1 as gen. mgr., charge 
York University. Sound background in of production, large southern film studio. 
personnel and contact work, attractive, 15 yrs. experience as prod. mgr., editor 
single, personable. Prefer position New and cameraman, 16mm and = 35mm. 
York or New Jersey area. Spent 3 years Married, 37, college grad. References 
abroad, civilian, Special Services Director. and resumé on request — Harlan’ H. 
Miss Fredericka Appleby, 810 Broadway, Mendenhall, 1609 Blodgett, Houston 4, 
Newark, HUmboldt 5-4582. ‘Tex. 


Motion pictures in color depend on the engineers’ knowledge of the “‘Principles of 
Color Sensitometry.”” A 72-page article bearing that title and prepared by the Color 
Sensitometry Committee appeared in the Journal for June 1950. Attractive reprint 
copies may be purchased for $1.00. 


SMPTE Lapel Pins are available from television tube — which appears on the 
the Society's headquarters. They are Journal cover. The price of the pin is 
gold and blue enamel, with a screw back. $4.00, including Federal Tax; in New 
[he pin is a }-in. reproduction of the York City, add 3%. sales tax. 

Society symbol — the film, sprocket and 


SMPTE Officers and Committees: A new publishing of the roster of Society 
Officers and the Committee Chairmen and Members is scheduled for the April 
Journal. ‘The last one is in April 1952. 


are 


New Products 


Further information about these items can be obtained direct from the addresses given. 
As in the case of technical papers, the Society is not responsible for manufacturers’ state- 
ments, and publication of these items does not constitute endorsement of the products. 


The Robot II Splicer is shown in the 
currently available Mark IV 35mm model. 
Developed in England by Gustav Jirouch, 
it is marketed in England by Cine Tele- 
vision Equipment Ltd., and is distributed 
in the United States by Hollywood Film 
Co., 5446 Carlton Way, Hollywood 27, 
Calif. Designed to be a very fast and fully 
automatic splicer, its splice width is given 
as 0.077 in. Its dimensions are 7} X 
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8} X 6} in. and it weighs 38 lb. 
is $650.00, 
vantages claimed for it are: equal scraping 


The price 
delivered. Particular 
of emulsion down to the base and removing 
the emulsion in one piece, thus minimizing 
dirt and dust; straight and square end 
cutting; elimination of any special sound- 
track blooping; and making double or 
treble joins without loss of material. 
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Society of Motion Picture and Television Engineers 


40 Wesr 40TH Street, New Yorx 18, N. Y., Tex. LOncacre 5-0172 


OFFICERS 
1953-1954 


1952-1953 


1952-1953 


1953-1954 


BOARD OF 
EDITORS 


Boyce Nemec, Executive Secretary 


President 

Herpert Barnett, 10 East 52d St., New York 22, N. Y. 
Executive Vice-President 

Joun G. Frayne, 6601 Romaine St., Hollywood 38, Calif. 
Past-President 

Peter Motz, 941 N. Sycamore Ave., Hollywood 38, Calif. 
Editorial Vice-.?resident 

N. L. Smasoms, 6706 Santa Monica Bivd., Hollywood 38, Calif. 
Convention Vice-President 

Joun W. Senvms, 128 Chatham St., Chatham, N. J. 
Secretary 

Epwarp S. Seetey, 161 Sixth Ave., New York 13, N. Y. 


Engineering Vice-President 
Henry J. Hoop, 343 State St., Rochester 4, N. Y. 


Financial Vice-President 

Franx E. 321 W. 44 St., New York 18, N. Y. 
Treasurer 

Bartow Kezuzer, RCA Victor Div., Bldg. 15, Camden, N. J. 
J. E. Amen, 116 N. Galveston St., Arlington 3, Va. 
F. G. Avam, 241 So. Wetherly Dr., Beverly Hills, Calif, 
Geo. W. Connurn, 164 N. Wacker Dr., Chicago 6, Ill. 
E, W. D’Arcv, 7045 No. Osceola Ave., Chicago, Il. 
J. K. Hmuiaro, 2237 Mandeville Canyon Rd., Los Angeles 24, Calif, 
A. G. Jensun, Bell Telephone Labs., Inc., Murray Hill, N. J. 
C. Herpsercer, 231 N. Mill, Naperville, Ill. 
H. Orrennavuser, Jr., River St. and Charles Pl., New Canaan, 

Conn. 
Vauoun C. Sianer, 6706 Santa Monica Bivd., Hollywood, Calif. 
F. E. Garisom, General Electric Co., Nela Park, Cleveland 1, Ohio 
Gorpon A. Cuampers, 343 State St., Rochester 4, N. Y. 
L. M. Dearmo, Drawer 791, Hoilywood 28, Calif. 
A. 4000 W. Olive Ave., Burbank, Calif. 
Cuarzes L. Townsenp, 49 Hillcrest Dr., Dumont, N. J. 
Ma cots G. Townstzy, 7100 McCormick Rd., Chicago 45, Ill 
Chairman 

Artrxur C. Downes, 2181 Niagara Dr., Lakewood 7, Ohio 


D. Max Bearp A. M. Gunvetroozr J. A. Noriino 
G. M, Besr W. Hanpiey H. W. Pancsorn 
L. B. Browper A. C. Harpy B. D. PLaxun 

G, R. Crane C. R, Kerru R. T. Van Numan 
H. E. Enozrton G, E. Matruews J. H. Wappet 
C. H, Ermer Prrre Mertz D. R. Warre 

C. R. Forpyce C.D. Mnizr Cc. W. Wvcxorr 


L. D. Gricnon 


Sustaining Members 


SOCIETY OF MOTION PICTURE AND TELEVISION ENGINEERS 


Altec Companies J. A. Maurer, Inc. 

Ansco Mecca Film Laboratories, Inc. 

C. S. Ashcraft Mfg. Co. Mitchell Camera Corporation 

Audio Productions, Inc. Mole-Richardson Co. 

Bausch & Lomb Optical Co. Motiograph, Inc. 

Bell & Howell Company Motion Picture Association of Amer- 
Bijou Amusement Company ica, Inc. 

Buensod-Stacey, Inc. Allied Artists Productions, Inc. 
Burnett-Timken Research Laboratory Columbio Pictures Corporation 

Byron, Ine 

The Calvin Company Republic Pictures Corp. 

Cinecolor Corporation RKO Radio Pictures, Inc. 

Cineffects, Inc. Twentieth Century-Fox Film vag 
Cinema-Tirage L. Maurice Universal Company, 

Geo. W. Colbum Laboratory, Inc. “omer Bros Pictures, Inc. 
Consolidated Film Industries Movielab Film Laboratories, Inc. 
DeLuxe Laboratories, inc. National Carbon 

Du-Art Film Laboratories, Inc. National Screen Service Corporation 
E. I. du Pont de Nemours & Co., Inc. National Theaters Amusement Co., 
Eastman Kodak Company Inc. 

Max Factor, Inc. Neighborhood Theatre, Inc. 


Federal Manufacturing and Engi- Neumade Products Corp. 
din C Northwest Sound Service, Inc. 


neering 

Fordel Film Laboratories Producers Service Co. 

General Electric Company Radiant Manufacturing Corporation 

General Precision Equipment Corp. Radio Corporation of America, RCA 
Askania Regulator Company Reid H. Ray Film Industries, Inc. 
General Precision Laboratory, Reeves Sound Studios, Inc. 
International Projector Corporation levision Studios 
J. E. McAuley Mfg. Co. Shelly Fiims Limited 
National Theatre Supply Technicolor Motion Picture Corpora- 
The Strong Electric Company tion P 

W. J. German, Inc. Terrytoons, Inc. 

Guffanti Film Laboratories, Inc. Theatre Holding Corporation 

Hunt’s Theatres Titra Film Laboratories, Inc. 

Hurley Screen Company, Inc. United Amusement Corp., Ltd. 


The Jam Handy Organization, Inc. | Westinghouse Electric Corporation 
Kolimorgen Optical Corporation Westrex Corporation 

Lorraine Carbons Wilding Picture Productions, Inc. 
March of Time Wollensak Optical Company 
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